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ABSTRACf 
A STUDY OF NOVEL STEROIDAL POLYMERS 
Carol M. Lawrence 
The incorporation of steroidal monomers into main chain polymers has been used to investigate their 
potential as mesogenie groups. 
Copolymers have been produced. from a range of steroid dial monomers coupled with flexible spacer 
groups from a series of diaeid chlorides with the general formula ClCO(CH
2
l
n 
COCl. where n=2 to n=12. 
3ex -Hydroxy-SS -cholan-24-oic acid was a convienent precursor to the diol monomer 3ex -hydroxy-SS -
cholan-24-01 and a novel synthetic route producing the diol monomer 3-(2-hydroxyethyl)-5S -cholan-
24-01 was achieved by oxidation of 30< -hydroxy-SS -cholan-24-oic acid. followed by a Wittig reaction 
at C-3 using trimethyl phosphonoacetate. Two further steroid diols. 3-(2-hydroxyethyi)-5ex -cholan-24-01 
and 3-(2-hydroxyethyl)chol-5-en-24-o1 used in this study. were synthesised from 30< .60<-
dihydroxy-513 -cholan-24-oic acid using a variation of this synthetic route. 
The copolymer series were prepared by solution polycondensation with the range of diacid chlorides. and 
the resulting low molar mass samples were subsequently converted by thermal polycondensation to 
copolymers with molar mass in excess of 10.000. Copolymer characterisation was achieved using infra-
red spectroscopy. high performance gel permeation chromatography. optical microscopy. dynamic 
mechanical thermal analysis and differential scanning calorimetry. Extensive thermal analysis of these 
copolymer series was used as the main indication of their amorphous nature and this was also confirmed 
for two samples using x-ray diffraction. Comparison of the glass transition temperatures and the trends 
observed in each copolymer series is discussed. 
Biphenyl diacid chloride was coupled wilh the diol mOHomers 3-(2-hydroxyethyl)-5S -cholan-24-o1 
and 3-(2-hydroxyethyl)-5ex -cholan-24-01 in an attempt to induce mesophasic behaviour in the resulting 
main chain copolymers by alternating steroidal and biphenyl moieties along the copolymer backbone. Full 
thermal characterisation of these samples indicated that the resulting copolymers were amorphous. 
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CHAPTER ONE 
Introduction 
1.1 Introduction to Mesophases 
The term mesophase is used to describe the behaviour of certain 
compounds Unesogens) which exhibit a number of thermal (thermotropic) 
or solution (lyotropic) transitions between the ordered crystalline state 
and the disordered isotropic liquid state. These compounds have also 
widely become known as liquid crystals and consequently mesophases, 
and the associated terms mesophasic, mesomorphism and mesoform, 
can be used interchangeably with those of liquid crystal and liquid 
crystalline behaviour" The area of interest of this work is restricted 
to thermal transitions of mesophasic copolymers. 
If we consider the crystalline solid and the isotropic liquid as states of 
matter, then the mesophasic state encompasses several states which 
have properties intermediate between liquid and crystal. These 
intermediate phases are termed the smectic, the cholesteric and the 
nematic phases, classified on the basis of the position and orientation 
of the molecules. A mesogen may enter one, two or three of these 
phases on heating or cooling. Enantiotropic mesomorphism occurs 
when a mesogen exhibits thermotropic behaviour both when heating 
and cooling whereas monotropic mesomorphism describes those 
compounds only exhibiting thermotropic behaviour either on heating 
, 
or cooling. 
As illustrated in Figures 1.1 and 1.2, a two-dimensional order exists 
in the smectic mesophase as the centres of gravity and the axes of all 
1 
molecules are aligned, whereas in the nematic mesophase, the axes of 
the molecules are aligned, but no long range order exists. 
The cholesteric mesophase is shown in Figure 1.3. This term originated 
as it was initially observed for many cholesterol derivatives2, and 
rather than being derived from a smectic mesophase, it is thought to 
be a twisted nematic mesophase3• All molecules lie in one plane but 
they twist about an axis perpendicular to the long axis of the molecules. 
Figure 1.1 
SMECTIC 
1111 11111111 1111 
1111111111111111 
1111111111111111 
Figure 1.2 
NEMATIC 
1111111111111111 
1111111111111111 
1111111111111111 
Figure 1.3 
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1.2 Low Molar Mass Mesogens 
There has been considerable interest in molecules which exhibit 
mesophasic behaviour4• Examples include the biphenyl derivatives 
4'-methoxybiphenyl-4-carboxylic acid (1) and n-propyl 
4'-ethoxybiphenyl-4-carboxylate (2)5 and the steroids cholesteryl 
acetate (3), cholesteryl propionate (4) and cholesteryl octanoate (5)6. 
Meo--<Q>----O- CO,H EtO--<Q>----O- CO,Prn 
(1) (2) 
o 
~o 
(3) 
o 
~o 
(4) 
o 
~o (5) 
4'-Methoxybiphenyl-4-carboxylic acid (1) exhibits an enantiotropic 
nematic mesophase at 258°C, melting to the isotropic liquid at 300°C. 
3 
n-Propyl 4'-Ethoxybiphenyl-4-carboxylate (2) forms an enantiotropic 
smectic mesophase at 102°C melting to the isotropic liquid at 103°C. 
Cholesteryl acetate (3) exhibits monotropic mesomorphism on melting 
to form the isotropic liquid at 116.5°C and on cooling to exhibit a 
cholesteric mesophase at 94.5°C. On heating cholesteryl propionate 
(4), an enantiotrophic cholesteric mesophase occurs at 102°C which 
remains until the isotropic liquid is reached at 116°C. Cholesteryl 
octanoate (5) exhibits a mono tropic cholesteric mesophase at 96.5°C, 
followed by a smectic mesophase at 69.5°C on cooling from the 
isotropic liquid. 
1.3 Mesophasic Polymers 
The interest in mesophasic behaviour has led to the polymerisation of 
mesogens or compounds containing mesogens, with the aim of producing 
polymers exhibiting similar characteristics. The synthesis of such 
polymers has been approached in two ways: (a) by the production of 
side chain polymers, where pendant mesogenic groups are attached to 
the main polymer chain through suitable side groups; (b) by the 
production of main chain polymers, where the mesogenic group is 
incorporated into the main polymer chain. These two areas will be 
addressed in detail in the following two sections. 
1.3.1 Side Chain Polymers 
The production of side chain polymers has been achieved by the 
polymerisation of mesogenic monomers, containing suitable groups to 
form a main polymer chain, to which the mesogenic groups are 
attached. This is illustrated in Figure 1.4. 
4 
Figure 1.4 
where D represents a mesogenic group. 
There has been considerable interest in side chain polymers with a 
variety of pendant mesogenic groups. However, for the purposes of 
this work the discussion will be restricted to side chain polymers 
containing cholesterol and other steroid derivatives, and work in this 
area has been carried out by several groups. 
Toth and Tobolsky7 prepared the liquid crystalline monomers cholesteryl 
acrylate (6) and cholestanyl acrylate (7). 
o ~o o ~o 
(7) 
Analysis of each monomer using differential scanning calorimetry 
<DSC) produced, on heating, a single endothermic peak followed by a 
broad exothermic peak. The exothermic peak for each ester was 
shown to be a thermal polymerisation which was accelerated by the 
addition of dicumyl peroxide and retarded by the addition of 
hydroquinone. Observation by DSC on cooling from the isotropic liquid 
5 
phase produced two exothermic peaks for each monomer. However 
their positions and areas depended upon the rate of cooling and the 
time interval the monomer was held above the melting point. The 
presence of these two peaks and their dependence on the cooling cycle 
<details of which are not published) implied the existence of at least 
one mesophase between the solid and the isotropic liquid phases. 
Observation through a polarizing optical microscope showed this 
mesophase to be of the cholesteric type, which was easily observed 
visually by quenching a small portion of molten monomer held between 
two cover slips. The transition temperatures obtained from the DSC 
traces are shown in Table 1.1. 
Table 1.1 - Thermal Transitions of Cholesteryl Acrylate (6) and 
Cholestanyl Acrylate (7) 
Transition Cholesteryl Acrylate Cholestanyl Acrylate 
(6) (7) 
T m (crys." isotropic Hq.> 127°C 100°C 
T 1 (iso. liq ... mesomorph) "'90°C -
Thermal polymerisation of (6) produced an insoluble polymer, whereas 
treating (7) in the same way yielded a polymer soluble in most organic 
solvents. This difference suggested that (6) is difunctional, and the ring 
double bond is also participating in the polymerisation. Soluble 
polymers of (6) were produced via radically initiated solution 
polymerisation, but neither of the polymers produced exhibited thermal 
phase transitions or evidence of any crystallinity. 
6 
---------------------------------------------------
De Visser et a1B- 10 studied the properties of the steroid monomers 
cholesteryl acrylate (6) and cholestanyl acrylate (7), and in addition 
cholesteryl methacrylate (8) and cholestanyl methacrylate (9). The 
~o ~o 
(9) 
monomers were all analysed using a polarizing optical microscope and 
a DuPont differential thermal analyser (DT A) and the thermal 
properties, some of which differ from those reported by Toth and 
Tobolsky7, are shown in Table 1.2. All the temperatures shown were 
determined during the first heating or cooling cycle, as repeated heating 
and cooling causes inaccurate values brought about by the formation 
of polymer. 
These esters all exhibit a cholesteric mesophase and it can be seen that 
the temperature ranges of the mesophases are narrower than those of 
cholesteryl propionate (4) (I02-116°06 and cholesteryl butyrate 
(l 02-113 °011, which have the same number of carbon atoms as 
cholesteryl acrylate (6) and cholesteryl methacrylate (8) respectively. 
The solid state is possibly more stable because the double bond of the 
acrylic group enhances the terminal attraction forces between the 
molecules. Substitution of the Cl -H atom of the acrylic group by 
methyl lowers the temperature of the solid-mesophase transition by 
about 10°C, possibly because the terminal attraction between the 
7 
-----------------------------------------------
methacrylic groups becomes less owing to the steric interaction between 
the branched groups. 
Table 1.2 - Thermal Transitions of Cholesteryl Acrylate (6), 
Cholesteryl Methacrylate (8), Cholestanyl Acrylate (7) and Cholestanyl 
Methacrylate (9) 
Monomer 
Temperature of Transition (ac) to phase 
Cholesteric Isotropic 
Cholesteryl 121 8 1268 
Acrylate (6) 122.5b 125b 
Cholesteryl 
-
llY 
Methacrylate (8) [1 1 1.5]C 114b 
Cholestanyl 988 I04b 
Acrylate (7) 96.5b I04.5b 
Cholestanyl 
- 958 
Methacrylate (9) [85]C 95b 
8 determined by DTA in N2 atmosphere at 2aC min-1 heating rate 
b determined by microscopy at '" 1 aC min-1 heating rate 
C transition temperature of a monotropic mesophase, microscopically 
determined on cooling at '" 1 aC min-1 
All four monomers were readily polymerised in bulk to produce 
solUble polymers when thermal polymerisation was carried out in 
nere 
vacuo. However, none of the polymers produced ,{ showed any 
mesophasic behaviour or any crystalline behaviour. 
8 
Tanaka et 81 have also reported their studies on cholesteryl 
methacrylate (8).12 An enantiotropic mesophase was observed between 
lO9-1l3°e on heating which appeared to be cholesteric when viewed 
through a hot stage microscope with crossed nicols. This contradicts 
the reports of De Visser et al10 and Saeki et al13 who. although differing 
over the reported transition temperatures. both observed that the 
mesophase was monotropic. 
Polymers exhibiting mesophasic behaviour have also been produced by 
mixing cholesterol derivatives with side chain polymers containing 
cholesteric groups. Kamogawa14 prepared vinyl polymers containing 
cholesteric ester side chains with long fatty acid residues (10). by 
R 
(10) 
coupling cholesterol with a polymer main chain containing long chain 
acid chloride side groups. A typical polymer where n = 11 formed a 
transparent film from solvents such as toluene. However. a film made 
of a mixture of this polymer with cholestery1 chloride <11>, on cooling 
gradually from elevated temperatures, where the film presented a 
transparent appearance. passed through mesomorphic phases where it 
presented a turbid appearance. 
The copolymer of (10) with methyl acrylate in 1:9 molar ratio when 
mixed in a film with cholesteryl chloride (11), exhibited a faint green 
9 
colour around 50°C and then a faint purple colour around 30°C when 
cooling gradually from elevated temperatures. 
Cl 
(11) 
Minezaki et a1 also reported their findings on mixtures of cholesterol 
derivatives with the side chain cholesteric polymers produced from the 
monomer (2).15 
o 
o 
(12) 
The thermal properties of the monomer (12) were measured by DSC 
and are shown in Table 1.3. 
Polymers of (12), soluble in tetrahydrofuran and dimethylsulphoxide, 
were obtained in good yield by initiation with 2,2'-azobisisobutyronitrile. 
A film was prepared of this polymer with cholesteryl hexanoate (3) 
in a weight ratio of 1:1 from a tetrahydrofuran solution, 
The polymer film exhibited a cholesteric phase in the range of 25 -
75°C, whereas cho1estery1 hexanoate (13) has a cholesteric phase range 
of 96 - gg0c.6 The mixture of cho1estery1 hexanoate (3) with the 
polymer from (12) therefore increased the range of the cholesteric 
10 
Table 1.3 - Thermal Transitions of Monomer (12) 
Phase Transition Heating 8 Coolingb 
crystal ... smectic phase 30°C 
smectic phase ... isotropic liquid 42°C 
isotropic liquid'" cholesteric phase 43°C 
cholesteric phase ... crystal 38°C 
mesophase. In addition, a polymer film prepared from a mixture of 
cholesteryl hexanoate (13) and polystyrene fails to exhibit any similar 
behaviour. 
o 
~o 
(3) 
De Visser et aP6 investigated the polymerisation of 5s-cholestan-3-yl 
methacrylate (9) thermally in bulk (in the mesophase and the isotropic 
liquid phase) and in solution (by means of free radical and anionic 
initiators), in order to assess any effects that the initial ordering of the 
monomer may have on the resulting polymer structure. All the 
polymers prepared under different stereoregulating conditions were 
found to be amorphous and did not show a different tendency to 
crystallize when heated above their glass transition temperatures (Tgl. 
11 
The results show that the orientation of the monomer in the cholesteric 
mesophase does not influence the polymer structure, either 
intramolecularly or supramolecularly and it is likely that the 
orientation is destroyed as the polymerisation proceeds as the steric 
requirements for propagation do not agree with the ordered 
arrangement of the monomer molecules in the mesophase. 
Although it has been agreed by all previous workers in this field that 
polymers of cholesteryl acrylate (6) and cholesteryl methacrylate (8) 
are amorphous, it was suggested by Hsu, Clough and Blumstein 17.18 that 
the cholesteric moieties of a side chain polymer should interact strongly 
and organise the polymer in a similar fashion to other polymers with 
mesogenic side groups.19-24 
In such cases, for example polymers with benzoic acid side groups,19.20 
it appears that the tendency of the side groups to organise is reinforced 
by the presence of the polymer, bringing the interacting and anisotropic 
moieties of the side groups into the vicinity of each other along the 
polymer main chain. As such, a study of the monomers cholesteryl 
acrylate (6), cholesteryl methacrylate (8), and cholesteryl-
p-acryloyloxybenzoate (14), and the structure of their polymers was 
(4) 
12 
----------------------------------------------------
made. The transition temperatures for the three monomers (6, 8, 14), 
as found by DSC and polarising microscopy are shown in Table 1.4. 
The value of the transition for cholesteryl acrylate (6) differs from 
the value reported by Toth and Tobolsky,7 although that for cholesteryl 
methacrylate (8) is in accordance with the previously reported value.s 
Table 1.4 - Thermal Transitions of Cholesteryl Acrylate (6), 
Cholesteryl Methacrylate (8) and Cholesteryl-p-acryloyloxybenzoate 
(14) 
Monomer and Transition Transition Temperature 
Cholesteryl Acrylate (6) 
Crystalline .. Isotropic l25.8°C 
Isotropic .. Cholesterica l24.8°C 
Cholesteric" Crystalline8 91°C 
Cholesteryl Methacrylate (8) 
Crystalline .. Isotropic 114.8°C 
Isotropic -+ Cholesteric8 ll1.8°C 
Cholesteryl-p-acryloyloxybenzoate (14) 
Crystalline -+ Cholesteric 128°C 
8 monotropic transition found 
However, the experimental details for the determination of the values 
are not reported and thus could account for some of the discrepancies. 
CholesteryI-p-acryloyloxybenzoate (14) exhibits an enantiotropic 
transition from the crystalline phase to the cholesteric phase at 128°C. 
13 
For the polymersA}!~ and (14), X-ray data indicate a smectic type 
structure exists, as illustrated in Figure 1.5. Polymer (6) also shows a 
tendency to form a layered, smectic type arrangement of the chains, 
although less pronounced, and rapid precipitation of this polymer leads 
to an amorphous polymer. 
Figure 1.5 - Diagramatic Representation Of A Smectic Structure 
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From these results it is apparent that out of three cholesteric polymers, 
two organise spontaneously into a well defined smectic arrangement. 
Although the organisation of polymer (6) seems to be less well defined, 
a tendency to form smectic arrangements is clearly present. However, 
there does not appear to be an obvious explanation for this lower level 
of organisation for polymer (6). 
Osada and Blumstein25- 27 investigated the structure of copolymers of 
cholesteryl methacrylate (8) with n-alkyl methacrylates of various 
chain length. X-ray studies showed that the previous model17 proposed 
for the polymer of cholesteryl methacrylate (8) is still applicable to 
copolymers with high cholesteryl methacrylate (8) content with the 
cholesteric side groups arranged in a double array, essentially 
perpendicular to the main chain. For the copolymers with n-butyl 
methacrylate and n-octyl methacrylate the smectic organisation is first 
reinforced and then rapidly declines for compositions of the non-
mesogenic comonomer in excess of 10%. In the case of shorter chain 
14 
esters, methyl methacrylate and propyl methacrylate the smectic 
organisation is not significantly reinforced and declines with the 
increasing composition of the non-mesogenic comonomer. X-ray data 
shows that the perfection of the smectic domains is strongly affected 
by the presence in the copolymer chain of non-mesogenic alkyl 
methacrylates even in very low concentrations. The initial reinforcement 
of the smectic structure of copolymers of cholesteryl methylacrylate 
(8) with n-butyl methacrylate and n-octyl methacrylate was thought 
to be due to an increase in segmental mobility, which would give the 
chains more freedom to arrange into a lamellar array. 
Further work on these polymers27 has highlighted the importance of 
thermal history when looking at the mesomorphic organisation of the 
polymer. X-ray studies have shown that the intermolecular disorder 
can be "locked in" to the precipitating polymer at the temperature of 
the polymerisation which is often below the Tg of the polymer. The 
increase in segmental mobility required to "unlock" the amorphous 
structure of precipitated polymers has been achieved in two ways, by 
annealing of polymer samples above the Tg or by a lowering of the 
Tg of the polymer by copolymerising with non-mesogenic comonomers. 
It would appear that a macromolecular structure in which the 
mesogenic groups are directly linked with the main polymer chain 
renders difficult the packing typical of low molar mass mesogens, as 
illustrated by the earlier attempts to produce mesophasic polymers 
from known cholesteric mesogens. It is possible that a mesophasic 
structure is more likely to occur where a certain lability of branches 
is permitted, which, despite the presence of the polymer chain, would 
ensure a particular ordering in the arrangement of mesogenic groups. 
These criteria could be met by spacing the mesogenic groups a certain 
distance apart from the main chain, or by enhancing the flexibility of 
15 
the main polymer chain in some way, in order that the steric 
hindrances brought about by the main chain on the packing of 
mesogenic groups, would be less significant. 
Shibeav et aJ28-31 used these ideas when selecting the cholesterol esters 
of N-methacryloyl-w-aminocarboxylic acid (15), with different lengths 
of the aliphatic radical (n), for the production of polymers. 
All the monomers of the above series where n = 2, 5, 6, 8, 10 or 11 
exhibited a monotropic mesophase of the cholesteric type on cooling 
from the melt, the temperature range of which depends on the rate of 
cooling. Intensive X-ray studies of the homopolymers of this series 
provides evidence that the structure of the polymer where n = 2 
differs markedly from those of the polymers where n ~ 5 and Table 
1.5 details all the reported thermal transition properties of the 
homopolymers in this series (15). 
It can be seen that the polymer where n = 2 has the highest Tg and 
this is accompanied by thermal decomposition. Consequently, smectic 
type behaviour is only observed in the glassy state. With the increasing 
length of the methylene bridge linking the cholesterol moiety to the 
polymer main chain, the glass transition temperatures are reduced and 
for the polymers with n ~ 5, a thermodynamically stable mesophase is 
exhibited in all three physical states (glass, elastic and fluid), the upper 
16 
Table 1.5 - Thermal Transitions of Series OS) Polymers 
Polymer TgOe a Tfoe b Ta-ioe c 
n=2 185 - -
n=5 130 200 220 
n=6 130 190 215 
n=8 130 180 200 
n = IQ 125 ISO 185 
n = 11 120 135 180 
a glass transition temperature 
b flow temperature above which the polymers exist as viscous fluids 
whose flow is accompanied by a displacement of the birefringent 
regions, similar to low molecular weight mesogens 
c transition from optically anisotropic to an optically isotropic state 
temperature limit being Ta-i as shown in Table 1.5. However, the 
Tg's of this series of polymers are still fairly high 020 - 130°0, due 
in the main to the formation of hydrogen bonds between the amide 
groups, so other monomers were needed in order to reduce the Tg's 
and therefore increase the practical applications of the mesophasic 
polymers. 
In order to examine the structure of polymers with varying 
concentrations of cholesterol groups, copolymers consisting of one of 
the series OS) monomers with either n-alkyl acrylates or n-alkyl 
methacrylates were synthesised by radically initiated polymerisation. 
Table 1.6 details some of the thermal properties exhibited by the 
various copolymers. 
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It can be seen that copolymers of series (5) monomers with butyl 
acrylate (A-4) and butyl methacrylate (MA-4) exhibit mesophasic 
behaviour for a wide range. of comonomer ratios, and a copolymer 
composed of 83% of (A-4) can still exist in a mesophasic state. 
Table 1.6 - Thermal Transitions of Copolymers of Series (5) 
Monomers and Alkyl Acrylates (A-m) or Alkyl Methacrylates (MA-m), 
where m = length of alkyl chain 
Copolymer TgoC TfoC Ta-ioC 
[mole % of (5)] 
n=11 with (A-4) 
42 65 115 160 
37 60 lOO 140 
17 <20 60 100 
n=ll with (MA-4) 
90 115 140 180 
67 105 140 170 
40 85 135 160 
n=ll with (MA-22) 
75 70 110 No anisotropy 
50 40 80 No anisotropy 
However, a copolymer with an (MA-22) content of 25% is amorphous 
and optically isotropic. As the optical anisotropy exhibited by some 
cholesterol containing polymers is as a result of a particular ordering 
of cholesterol moieties, it is apparent that the branches of this 
comonomer are interfering with any long range ordering along the 
polymer main chain. 
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It can be shown therefore. that the copolymers produced from 
cholesterol esters of N-methacryloyl-w-amino carboxylic acids (15) 
exhibit mesophasic behaviour when the length of the n-alkylacrylate 
(or n-alkylmethacrylate) does not exceed that of the methylene bridge 
between the cholesterol moiety and the main polymer chain. The type 
of mesophase formed is not clear but the similarity of the texture of 
the polymer films and that of cholesteric liquid crystalline compounds 
would seem to suggest a cholesteric phase. However. the layered 
ordering in the arrangement of branches is indicative of a smectic 
structure. In addition. the presence of the main polymer chain would 
hinder the formation of a spiral structure typical of low molar mass 
cholesteric liquid crystals. 
As a result of the high Tg's of the homopolymers of (15). an ester 
linkage was used to replace the amide section of this monomer 
producing two new series of monomers. cholesteryl-
w-acryloyloxyalkanoates (16) and cholesteryl w-methacryloyl-
oxyalkanoates (17).32 
(6) R=H 
(7) R=CH 3 
Details of the thermal transitions are shown in Table 1.7 for the 
monomers (16) where n",,5 and 10. and (7) where n",,5. 10 and I 4. A 
cholesteric mesophase is clearly exhibited by all the monomers and 
also. except in the case of (6) n "" 5. a smectic mesophase. All 
monomers in the cholesteric mesophase were found to selectively reflect 
light in the visible range. 
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Table 1.7 - Thermal Transitions of cholesteryl-w- acryloyloxyalkanoates 
(16) and cholesteryl-w- methacryloyloxyalkanoates (17) 
Monomer and Transition Transition Temperature 
(6) n = 5 
Crystalline" Cholesteric 44°C 
Cholesteric .. Isotropic 70°C 
(7) n = 5 
Crystalline .. Smectic 37°C 
Smectic .. Cholesteric 48°C 
Cholesteric" Isotropic 59°C 
(6) n = 10 
Crystalline .. Smectic 42°C 
Smectic .. Cholesteric 67°C 
Cholesteric" Isotropic 78°C 
(7) n = 10 
Crystalline .. Smectic 55°C 
Smectic .. Cholesteric 58°C 
Cholesteric .. Isotropic 62°C 
(7) n = 14 
Crystalline .. Smectic 59°C 
Smectic .. Cholesteric 61°C 
Cholesteric" Isotropic 64°C 
A range of polymers was synthesised by the polymerisation of 
monomers (6) and (7) to yield polymers which possess an optical 
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anisotropy which is retained above the Tg, disappearing at the clearing 
temperature (Ten. The reported values obtained from DSC curves 
detailing the Tg, Tcl and intermediate transitions (T) are shown in 
Table 1.8 and it is apparent that an increase in the length of the 
methylene bridge results in a significant drop in the Tg. In addition, 
these polymers from monomers (6) and (7) with an ester linkage 
have Tg's approximately 50 - 80De lower than the equivalent polymers 
with an amide linkage synthesised from the monomer OS) and detailed 
in Table 1.5. 
Table 1.8 Thermal Transitions of the polymers from 
cholesteryl-w-acryloyloxyalkanoates (16) and cholesteryl-w-meth-
acryloyloxyalkanoates (7) 
Polymer Tg DC Tl °C Tc1°C 
(6) n = 5 55 - 218 
(17) n = 5 85 190 210 
(16) n = 10 35 124 148 
(17) n = 10 60 - 158 
(7) n = 14 50 54 153 
The success of previous workers in producing mesophasic polymers 
exhibiting a smectic type organization of the mesophase and the 
importance of decoupIing the motion of the side chain from the main 
polymer chain resulted in the production of a new series of monomers 
by Finklemann et aJ.33 The cholesteric monomers under study were 
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of the type (8), with an alkyl spacer of varying length. The thermal 
transitions reported for the monomers (8) with n = 2, 6, 12 are listed 
in Table 1.9. All exhibit cholesteric phases and were polymerised by 
radical polymerisation. 
(18) n == 2, 6, 12 
Table 1.9 - Thermal Transitions of monomers (8) 
Monomer 
Transition and TemperatureOC 
crystal - cholesteric cholesteric - isotropic 
(8)n=2 139 159 
(8)n=6 90.5 112 
(8)n= 12 55 81 
As can be observed from Table 1.10, which details all the reported 
thermal transitions of three homopolymers produced from the 
monomers (8), smectic type arrangements of the mesogenic moieties 
were observed, comparable with the previous results of Shibaev,28 but 
the expected cholesteric mesophase did not occur. 
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Table 1.10 - Thermal Transitions of the homopolymers and copolymers 
from (18) 
Homopolymers 
n TMI °C a 
2 b -
6 182 
12 168 
Copolymers 
ne 
1 n C 2 Md 1 Md 2 
2 6 50 50 
2 12 50 50 
2 12 51 49 
2 12 56 44 
2 12 34 66 
2 12 42 58 
a mesophasic to isotropic transition 
b decomposition before clearing 
C spacer lengths of monomers Ml and M2 
Mesophase 
smectic 
smectic 
smectic 
TMIoC a Mesophase 
b 
- smectic 
185 smectic 
209 cholesteric 
212 smectic 
b 
smectic -
b 
smectic -
d amounts of monomers Ml and M2 respectively in mole % 
Copolymers were produced with monomers carrying spacers of 
different lengths. For the copolymers where n1=2, n2=6 (where n1 
denotes one monomer and n2 the other monomer) and n1=6, n2=12, a 
smectic mesophase was observed. A cholesteric mesophase was observed 
for the copolymer where n1=2, n2=12, only where the two monomers 
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were present in equimo1ar concentrations. Other compositions led to 
smectic mesophases. 
The increasing length of flexible spacers in the monomers is responsible 
for decoupling the motions of the side chains from those of the main 
polymer chain. However. as represented by the Figures 1.6 - 1.8. the 
reason for the change from smectic to cholesteric mesophases was 
Figure 1.6 
2J2J2J2J 
Tendency to form smectic layered structure when nl=n2 
Figure 1.7 
Tendency to form a smectic layered structure where possible when 
nl ~ n2 monomer composition ~ 1: 1 
Figure 1.8 
nl~n2 
monomer composition'" 1:1 
Reduction in the tendency of the polymer chains to line up in layers 
when nl~n2 monomer composition'" 1:1 
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thought to be a direct result of allowing the cholesteric moieties to lie 
in different planes as opposed to causing them to lie in the same plane 
by the sheer length of the monomer unit. 
Iimura et aJ34 have investigated the thermal properties of the 
cholesteryl alkenoates (19) - (22) with varying lengths of the methylene 
chain n. The variation in the length of n has a large effect on the 
thermal properties exhibited, as illustrated in Table 1.11, together with 
the thermal transitions of cholesteryl methacrylate (8), which differ 
slightly from some of the previously reported values. 8-10 
(9) n = 3 
(20) n = 4 
(21)n=5 
(22) n = 8 
As cholesteryl alkenoate monomers do not yield homopolymers, 
copolymers of (19) with cholesteryl methacrylate (8) were prepared 
with varying mole fractions of the comonomers, producing a copolymer 
with both long and short pendant side groups. On heating a cast film 
(from benzene solution) of the copolymers above the glass transition 
temperatures, optical anisotropy appears as observed under a cross -
polarised microscope. The dependence of the anisotropic temperature 
range on the copolymer composition is illustrated by Figure 1.9, which 
shows the glass transition temperatures (Tg) and the decomposition 
temperatures ITd) of the copolymers of varying composition. The 
copolymers of a more rich cholesteryl alkenoate content, despite 
narrowing of the temperature range of the mesophase, exhibit a more 
clearly observed anisotropic nature. 
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Table 1.11 - Thermal Transitions of Cholesteryl alkenoates (19, 20, 
21 and 22) and Cholesteryl Methacrylate (8) 
Heating (0C) 
Monomer Crystal -+ Smectic -+ Cholesteric -+ Isotropic 
(19) 71.0 - 76.8 
(20) 105.0 - -
(21) 91.0 - -
(22) 71.6 76.7 80.8 
(8) 107.5 - -
Cooling t'C) 
Monomer Isotropic -+ Cholesteric -+ Smectic -+ Crystal 
(19) 75.6 - 41.7 
(20) 89.4 - -
(21) 71.0 - 67.5 
(22) 77.2 61.0 36.0 
(8) 104.2 - 87.7 
The effect of the copolymerisation of cholesteryl methacrylate (8) with 
methyl methacrylate in various compositions was also investigated. The 
anisotropic phase was also exhibited for these copolymers and details 
of the effect of the copolymer composition on the thermal behaviour 
of the samples is exhibited in Figure 1.10, which shows the glass 
transition temperatures (fg) and the clearing temperatures (fel) at 
which the copolymers enter the isotropic liquid state. In this instance, 
the increase in the cholesterol component does not greatly affect the 
temperature range of the mesophase although the copolymers with the 
greater cholesteryl methacrylate (8) content exhibit elevated glass 
transition temperatures and decomposition temperatures. 
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Figure 1.9 - Thermal Transitions of Copolymers of Cholesteryl 
Methacrylate (8) and Cholesteryl 5-pentenate (19) 
260 
240 
2:20 
200 
Tg °C 
180 
160 
140 
0.00 
mesophase 
solid 
0.20 0.40 0.60 0.80 
Mole fraction of (19) in feed 
1.00 
+ Td 
A Tg 
This study again highlights the importance of considering 
copolymerisation of cholesterol moieties in order to produce polymers 
exhibiting mesophasic behaviour. The production of homopolymers 
from any of the monomers used here has resulted in amorphous 
polymers. 8-10 Whereas. the combination of monomers in carefully 
controlled copolymerisations has resulted in polymers with a range of 
/ . . 
interesting thermal properties. . 
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Figure 1.10 - Thermal Transitions of Copolymers 
Methacrylate (8) and Methyl Methacrylate 
270 
250 
230 
210 
190 
mesophase 
170 
150 
solid 
130 '-----'----'-------'----'----' 
0.00 0.20 0.40 0.60 0.80 1.00 
Mole fraction of (8) in feed 
of Cholesteryl 
+ Td 
A Tg 
The success of previous co-workers in producing mesophasic polymers 
by creating systems where the motions of the mesogenic group are 
decoupled from the motions of the polymer main chain by the addition 
of flexible spacers, has been approached from a different angle by 
Finklemann and Rehage. 35,36 Mesophasic polymers have been produced 
by exchanging the hydrocarbon polymer main chain used in a previous 
investigation by a poly(hydrogen methyl siloxane) main chain which is' 
characterised by high flexibility of the chain segments. 
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A poly(hydrogen methyl siloxane) chain (23) was coupled with a range 
of Iow molar mass mesogenic moieties (24), carrying vinyl groups, as 
illustrated by Scheme 1, in the presence of hexachloroplatinic (IV) acid 
as catalyst. Table 1.12 details the thermal transitions reported for the 
mesogenic moieties (24) and the homopolymers (25). 
Scheme 1 
'"l},"' CH, CH, CH, I I I I I I CHrSi-O Si-O Si-CH, + CH2=CH-R CH,-Si-O Si-O Si-CIi I I I I I I CH, H CH, (24) CH, CH2 CH, I 
x CH2-R (23) x (25) 
In the cases of side chain polymers with biphenyl moieties (25a) and 
(25b) only crystalline polymers are observed by X-ray and DSC 
investigations. Mesophasic polymers have been observed for the benzoic 
acid 4-substituted phenyl esters (25c) - (25e) bound as mesogenic 
groups via propyloxy chains to the poly(hydrogen methyl siloxane) 
main chain. It was expected that the cholesteryl 3-butenoate (24f) 
mesogenic group would produce a cholesteric polymer, whereas a 
smectic phase exists. Cholesteric copolymers were in fact produced by 
reacting a mixture of the comonomers 4-propenoxy benzoic acid 
p-methoxyphenyl ester (24C) and 3-butenoic acid cholesteryl ester 
(24f) with the poly(hydrogen methyl siloxane) polymer. 
In addition, the authors extended the study to include the effect of the 
length of the flexible spacer between the benzoic acid 4-substituted 
phenyl esters and the polymer main chain on the resultant polymers. 
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Table 1.13 details the reported thermal transitions of comonomers 
(24c1) - (24c4) and (24f) used in this study. 
Table 1.12 - Thermal Transitions of the Mesogens (24) and 
Homopolymers (25) 
Phase Transition 
R Temperature (0C) 
(24)a (25)a 
a -CH2-0-Q---O-0CH3 k 119 i k 225 i 
b -CH2-CH2-0-Q---O-0CH3 k 116 i k 223 i 
c 
-CH2- 0-o- coo -o-OCH3 k 89 i g15n6li 
d 
-CH2- 0-o- cOO-o-OCsH13 k 89 n 95 i g15s112i 
e -CH2- 0-o- COO-o-CN k 103 i g 20 s 61 i 
f k 83 c 98 i g 45 s 117 i 
-CH2-COO ~ 
a k = crystalline, n = nematic, c = cholesteric, i = isotropic, g = glassy, 
s = smectic 
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Table 1.13 - Thermal Transitions of the Comonomers (24c') - (24c4) 
and (24f) 
Comonomer 
CH2~CH -CH2 -0 -0-coo VOCH3 
(24f) 
a k = crystalline. i = isotropic. c = cholesteric 
Phase transition 
(Ooa 
k 89 i 
k 87 i 
k 90 i 
k 63 i 
k 83 c 98 i 
Owing to the identical reactivity of the vinyl groups of the comonomers 
(24c') - (24c4) and (24f). the formation of block copolymers was not 
predicted as a reaction product with the poly(hydrogen methyl siloxane) 
polymer. All the copolymer systems synthesised from comonomer (24f) 
with each comonomer (240') - (24c4) exhibit cholesteric mesophases 
over a range of temperatures. However. as opposed to just reporting 
the thermal behaviour. the authors were interested in the optical 
measurements of the wavelength of reflection of polarised light. With 
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the increased decoupling of the motions of the mesogenic side groups· 
from the polymer main chain by increasing the length of the flexible 
spacer, the optical properties of the polymers tend towards the optical 
properties of the corresponding low molar mass derivatives. 
Complimenting this work, Finkelmann et aP7 have investigated the 
idea that the liquid crystalline properties of a crosslinked system should 
be similar to those of linear polymers. Mesogenic comonomers (24cl 
and (24e) were reacted in varying proportions with the bifunctional 
crosslinking agent (26), a highly flexible component consisting of ten 
dimethylsiloxane units. 
(26) 
The resulting cholesteric polymer network was investigated by DSC. 
The copolymer composed of (24c), (24e) and (26) in the ratio 69.5 : 
10.5 : 20 was found to exhibit a cholesteric mesophase between -11°C 
to 35°C. These results, in combination with those obtained for polymers 
with various combinations of non-steroidal mesogenic side chains, have 
shown that nematic, cholesteric and smectic crosslinked polymers can 
be obtained. 
Further advances in the production of copolymers which exhibit 
cholesteric mesophases include the work of Mousa et aP8 and Freidzon 
et al.39 Using the monomers 4-(w-acryloyloxycaproyloxy)-4'-
methoxy-phenylbenzoate (27) or 4-(w-acryloyloxyamyloxylcyandi-
phenyl (28) with cholesterylw-acryloyloxycapronate (29), a series of 
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copolymers was synthesised (where the percentage of (29) ranged 
between 14% and 65%). 
(28) 
o (29) 
The thermal transitions of these copolymers were studied microscopically 
and the details reported are shown in Table 1.14. Above the glass 
transition temperature all these copolymers exist in a mesophasic state 
and preserve these characteristic textures on cooling. X-ray 
investigations appear to show patterns typical of smectic mesophases, 
however these copolymers show features typical of cholesteric 
mesophases in terms of the selective reflection of light, and this 
behaviour is also observed by the copolymer glasses on cooling. Thus, 
once again it has been shown that cholesteric copolymers can be 
produced by the selective copolymerisation of cholesterol containing 
mesogens with mesogens from a range of different compounds. 
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(30) 
(31) 
30a: n=6; R=CH3 
30b: n=2; R=CH3 
30c: n=6; R=H 
30d: n=2; R=H 
31a: n=lO; R=CH3 
31 b: n= 5; R=CH3 
31c: n= 3; R=CH 3 
31d: n=lO; R=H 
31e: n= 5; R=H 
3lf: n= 3; R=H 
Table 1.14 - Thermal Transitions of Copolymers from (27) with (29) 
and (28) with (29) 
Copolymer Mole % (29) Phase transitions QC a 
(27) : (29) 14 g 25 m 103 i 
(27) : (29) 35 g 35 m 103 i 
(27) : (29) 45 g 40 m 110 i 
(28) : (29) 34 g 50 m 98 i 
(28) : (29) 40 g 50 m 102 i 
(28) : (29) 55 g 55 m 105 i 
(28) : (29) 65 g55ml50i 
a g = glassy, m = mesophase, i = isotropic 
Shannon4o- 42 has reported the photopolymerisation of the cholesteryl 
ester mesogens (30) and (31) which have been polymerised to produce 
a range of mesophasic polymers and copolymers. The glass transitions 
and the cholesteric to isotropic transitions reported for the polymers 
and copolymers which exhibit cholesteric mesophases are listed in 
Table 1.15, measured by DSC and optical microscopy. The polymer 
films consist of polymer, unreacted monomer and the photoinitiator 
which was used to achieve the polymerisation; however, these were not 
expected to affect the transition temperatures greatly. 
As illustrated, this novel method of polymerisation has produced films 
of cholesteric homopolymers and copolymers, containing small amounts 
of the starting monomers, which exhibit the cholesteric texture typical 
of low molar mass liquid crystals. The films are stable for long periods 
of time at ambient temperature without any loss in their optical 
properties. 
34 
Table 1.15 - Thermal Transitions of the Polymers and Copolymers 
from (30) and (31) 
Composition % Conversion Tg8 Transition8 
cC Cc 
(30a) 72 21 131 
(30C) 70 25 144 
(3Ib) 85 39 168 
(3Ie) 77 28 180 
(30a) : (31C) 0:1) 77 43 132 
(3Id): (31f) 0:1) 69 33 142 
(3Ia): (30b) 0:1) 71 48 130 
(3Id) : (30d) 0:0 67 23 118 
8glass and cholesteric to isotropic transitions by DSC. cC 
bcholesteric to isotropic transitions by microscopy. cC 
Transitionb 
cC 
139 
152 
183 
188 
143 
150 
135 
120 
Leube and Finkelmann43 have produced a novel type of mesophasic 
side-chain polymer with the cholesterol moiety attached laterally to 
the polymer main chain. Using the reactivity of the cholesterol Cs-Cs 
double bond. the synthesis of the 6-alkenyl substituted cholesteryl 
monomer (32) has been achieved. The phase behaviour of the monomer 
was investigated using DSC and optical microscopy. and shown to 
exhibit a cholesteric to isotropic transition at 40 cc. 
~o ~o)VJ 
(32) 
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A homopolymer was produced by the platinum catalysed reaction 
between the monomer (32) and poly(hydrogen methyl siIoxane) to 
produce the polymer (33) with the laterally attached cholesterol moiety 
CH, 
I 
.. ·····························Sl -0-································ ... 
I 
(CH,)n 
(33) 
R 
in the side-chain. X-ray measurements, in addition to DSC and optical 
microscopy were used to characterise the phase behaviour of the 
polymer (33). The Tg was observed at 35°C and at 47°C the polymer 
exhibits a phase transition to the isotropic liquid state. Observation by 
optical microscopy provided no further information as to the nature 
of the mesophase due to the viscous nature of the polymer. However, 
the enthalpy calculated from the DSC measurements in combination 
with X-ray investigation showed the presence of the cholesteric 
mesophase. 
In conclusion, many authors have produced polymers and copolymers 
incorporating cholesterol derivatives as pendant mesogenic groups along 
a polymer main chain. Factors such as the linkage of the mesogen to 
the polymer main chain, the presence of flexible spacer groups, the 
nature of the polymer main chain and the polymerisation methods 
have been investigated extensively, resulting in the production of a 
wide range of polymers exhibiting mesophasic behaviour. Side chain 
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cholesterol containing polymers have shown clearly defined transitions 
between the crystalline and the isotropic liquid states illustrating 
smectic, cholesteric and nematic mesophases. 
1.3.2 Main Chain Polymers 
The incorporation of mesogenic groups into main chain polymers is a 
second important area in which polymers have been designed 
specifically to exhibit mesophasic behaviour. 
The mesogenic portion of the polymer chain is largely responsible for 
the presence of thermotropic mesophasic behaviour. the type of 
mesophase formed and the range of transition temperatures. The 
transition temperatures of thermotropic rigid rod polymers. which do 
not contain any flexibility in the main chain. are extremely high and 
are often in the region of their decomposition temperature. The use of 
flexible spacers in main chain polymers in order to reduce the 
transition temperatures has been the most widely investigated method. 
Other methods include the use of lateral substituents and the addition 
of an element of disymmetry into the main polymer chain. 
An illustration of the general structure of a main chain polymer. 
composed of alternating mesogenic and flexible segments is shown in 
Figure 1.11. Such polymers are conveniently produced by the 
polymerisation of monomers which are comprised of a rigid segment 
Figure 1.11 
where I I represents the mesogenic unit and 
where - represents the flexible spacer 
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and a flexible segment with suitable terminal groups to form the 
polymer main chain or by the copolymerisation of a rigid and a 
flexible comonomer. 
Typically, the mesogenic group consists of at least two cycloaliphatic 
or aromatic rings, connected by a short rigid link which maintains the 
linearity of the unit. However, increasingly there are examples of new 
mesogenic groups which do not fit into this category,44-48 which are 
detailed later in Table 1.21. 
A variety of rigid linking groups have been used to provide the 
linearity of mesogenic groups including ester, imino, trans-vinylene, 
azo, azoxy, a direct linkage between the aromatic or cycloaliphatic 
rings and the incorporation of several of these linkages. There are 
several examples of mesophasic polymers containing such mesogenic 
groups,49 which will be discussed in detail in the following sections 
0.3.2.1 - 1.3.2.6) along with the different types of flexible spacer 
which have been employed to produce a wide range of mesophasic 
properties. 
1.3.2.1 Mesogenic Groups Containing Ester Links 
Mesogenic structures containing ester linkages have been synthesised 
extensively by many research groups, and the simplicity of low 
temperature solution polymerisation methods to incorporate these 
groups in to polymers has lead to many examples of this type of 
polymer.68-75 Table 1.16 details the temperatures of the crystalline to 
mesophasic transitions (Tm) and the mesophasic to isotropic transitions 
(Ti) for some of polymers. 
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A number of interesting effects have been illustrated by polymers 
composed of either the same mesogenic group and a range of flexible 
spacers or similar mesogens with the same flexible spacer group. The 
triad ester mesogens in polymers (34) - (44) differ only in the 
orientation of the ester links of the mesogen. However, their main 
chain polymers (35) and (40) which contain the same flexible spacer 
[-O(CH2)nO-] differ widely in respect of the transition temperatures 
they exhibit.54,6\62 These effects are not well understood as the geometry 
of the two mesogens is thought to be similar, although the effects that 
they have on the mesophase of a polymer seem to differ markedly. 
Similar effects have been observed for the dyad ester mesogens in 
polymers (45) - (48) as polymers (45) and (47), formed from the 
spacers -OCO(CH2)10COO- and -COO(CH2),oOCO- shown in Table 
1.16, differ markedly in the range of the transition temperatures 
exhibited. This unsymmetrical mesogen also illustrates the effect of 
having the mesogen positioned in an ordered head to tail versus an 
alternating fashion along the main chain, as polymer with the random 
positioning of the mesogen exhibits a nematic mesophase, whereas no 
mesophase is observed for the ordered polymer.56,61,65,67 
Cowie and Wu60 have made use of the diaza-18-crown-6-ether group 
as a flexible spacer unit in polymers with conventional mesogens as 
illustrated by polymer (39)' However, in this instance the crown ether 
unit appears to be too flexible and no mesophase is observed. The 
effects of using other unusual flexible and semi-flexible spacers are 
illustrated by polymers (38), (40, (42) and (44).59.63,64 
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Table 1.16 - Mesophasic Polymers With Main Chain Mesogenic Groups 
Containing Ester Linkages 
Mesogenic Group Spacer Tm Ti Ref QC QC 
(34) OoJ-{}B-o{J) gO(CH2)nO~ n=2 342 365 50-53 
.. .. n=3 240 315 50-53 
.. .. n=4 285 345 50-53 
.. .. n=5 165 247 50-52,54 
.. .. n=6 227 290 50-52,54 
" 
.. n=7 176 253 50-52,54 
.. .. n=8 165 220 50-52,54 
.. .. n=9 174 233 50-52,54,55 
.. .. n=lO 220 267 50-52,54-56 
.. .. n=12 212 245 52,53,55 
(35) 
" O(CH 2)nO n=5 243 355 54 
.. .. n=6 268 329 54 
.. .. n=7 238 324 54 
.. .. n=8 244 281 54 
.. .. n=9 228 298 54 
" 
.. n=lO 238 268 54 
(36) .. 
-(CH2)n- n=6 203 390 57 
.. .. n=lO 202 305 57 
(37) .. ~O(CH2CH20)ng n=l 342 365 52,53,58 
.. .. n=2 185 288 52,53,58 
.. .. n=3 180 257 52,53,58 
.. .. n=4 121 245 52,53,58 
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Table 1.16 - cont'd 
Mesogenic Group Spacer Tm Ti Ref QC QC 
CH, CH, 
(38) I I 199 208 59 
" 
OCH 2Si-O-SiCH zO I I 
CH, CH, 
(39) 
" 
R~/"\R S-0u\J\_J'-~ - - 60 
(40) OL.g.SIQ> O(CH2l nO n=2 365 390 61.62 
" " n=3 350 380 61,62 
" " 
n=4 305 380 61.62 
" " 
n=5 275 315 61.62 
" " 
n=6 220 380 61,62 
" 
.. n=7 215 300 61.62 
" " n=8 240- 350 61.62 
" 
.. n=9 220 305 61,62 
" 
.. n=lO 105 270 54.61.62 
" 
.. n=11 125 250 61.62 
(41) 
" 
gocH'-Q-CH,Og 245 - 63 
(42) 
" 
to{}oJ 250 - 63 
(43) " §O-~H-cH2-0g 276 - 63 
CH, 
(44) oto.g.oJ-IQ> CH, CH, I I 
O(CH2l'(fiOln?i(CH2l,o n=2 
- 130 64 
CH, CH, 114 64 
" 
n=3 -
" 
" n=5 - 94 64 " 
(45) o~-o-o O§(CH,lJo n=3 150+ 320+ 170 350 65 
" 
.. n=4 140" 320" 
160 345 65 
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Table 1.16 - cont'd 
Mesogenic Group Spacer Tm Ti Ref 
°c °c 
(45) .. .. n=5 I3(}> 29(}> 150 345 61,65 
.. .. n=6 15(}> 30(}> 
170 36C 61,65 
.. .. n=7 13(}> 28(}> 
150 345 65 
.. .. n=8 14(}> 30(}> 
170 340 61,65 
.. .. n=9 13(}> 265 .. 
160 320 65 
.. .. n=1O 145 .. 255" 
170 300 65 
.. .. n=11 15(}> 245" 
170 300 65 
.. .. n=12 170 240 61,65 
.. .. n=14 12(}> 23(}> 
140 250 65 
.. .. n=20 12(}> 22(}> 
140 250 65 
(46) .. O(CH,l,oo 175 260 56,65,66 
(47) .. §O(CH'l,oo~ 133 140 67 
(48) .. g(OCH,CH,l ,o~ 63 86 67 
(49) o-~-o-o~-o-ooJ-o O(CH,l.o 225 350 61 
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1.3.2.2 Mesogenic Groups Containing Imino Links 
This type of mesogenic group has been formed by the use of a Schiff 
base unit between two phenylene groups, illustrated by polymer (50),76 
and by the use of a double Schiff base as for polymers (51) and 
(52).77-79 There are a number of examples of polymers based on this 
type of mesogenic group,76-S1 some of which are illustrated in Table 
1.17. Wide variations in the transition temperatures and the ranges of 
mesophasic behaviour have been observed. 
1.3.2.3 Mesogenic Groups Containing trans-Vinylene Links 
A large number of polymers containing mesogenic structures composed 
of two aromatic units linked by trans-vinylene groups have been 
synthesised,60.76,77,B2-B7 some examples of which are illustrated in Table 
1.18. The orientation of the ester group between the mesogenic and 
flexible portions of polymers (53) and (54) once again has been shown 
to have a remarkable effect on the stability of the mesophase formed 
with a decamethylene spacer.B5,B6 For polymer (53) with ten methylene 
units in the flexible spacer, the mesophase exists between I 97°e and 
200°C, whereas the equivalent polymer (54) exhibits mesophasic 
behaviour at temperatures above 203°C. The precise value of Ti has 
not been determined; however, X-ray spectra show a smectic structure 
which is thought to exist at a temperature of 2150e .B6 
The presence of the methyl group on the vinylene linkage of polymer 
(58) has the effect of increasing the transition temperatures, in 
comparison to those for polymer (54).77,B6 However it appears to have 
no effect on the temperature range or the stability of the mesophase 
formed. 
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Table 1.17 - Mesophasic Polymers With Main Chain Mesogenic Groups 
Containing Imino Linkages 
Mesogenic Group Spacer Tm Ti Ref 
QC QC 
(50) o-CH=N-Q O~(CH2)8~O 201 245 76 
(51) 
o-CH
3 ~ O§(CHz)JO n=6 513 516 77  C=N-N=9 0 
" CH3 
" n=7 472 531 77 
" 
• n=8 485 544 77 
• " n=9 466 509 77 
• " n=lO 487 517 77 
• • n=11 465 491 77 
" 
• n=12 483 498 77 
(52) 
" O§O(CHz)nO~O n=5 499 531 77 
• 
" 
n=6 481 530 77-79 
" " 
n=7 457 518 77 
• 
" 
n=8 454 508 77,76 
• 
" 
n=9 451 496 77 
" " n=lO 450 487 77-79 
The use of novel spacer groups is illustrated by polymers (56) and 
(57),60,87 thermotropic behaviour being exhibited by the former whereas 
the crown ether unit spacer in the latter provides too much flexibility 
between the mesogenic groups and no mesophase is observed. 
44 
Table 1.18 - Mesophasic Polymers With Main Chain Mesogenic Groups 
Containing Viny1ene Linkages 
Mesogenic Group Spacer Tm Ti Ref 
°C °C 
(53) g-CH:CH-Q ~O(CH2)nog n=5 185 248 85 
" " 
n=6 238 256 85 
.. 
" n=lO 197 200 85 
(54) 
" O~(CH2),JO 203 - 86 
?, yH, 
(55) 
" 
OCCH 2-9-CH2 205 - 86 
CH, 
(56) 
" goDog 222 290 87 
(57) 
" 
R f\f\r'or\ ~ 
C-N 0 0 0 N-U '-.1'-.1'---1 - -
60 
(58) g-CH, -0 O~(CH2)JO n=6 552 575 77 o C,=CH 0 
" " 
u=7 455 503 77 
" " 
u=8 485 528 77 
" " u=9 435 479 77 
" " u=lO 476 498 77 
" " 
u=ll 433 452 17 
" " 
n=12 464 475 77 
(59) Q-CH:CH-Q O(CH 2)20g(CH 2)8g0(CH2)20 127 - 76 
CH, CH, 
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1.3.2.4 Mesogenic Groups Containing Azo and Azoxy Links 
Most of the examples of this type of polymer, a number of which are 
detailed in Table 1.19, contain mesogenic groups with two aromatic 
rings linked by an azo or azoxy group and a large number of polymers 
forming stable mesophases have been produced.60,87-93 
The geometry of this mesogenic group, and the three trans-vinylene 
mesogenic groups discussed previously, polymers (53) - (59) cause 
certain similarities to exist, for example the stability of the mesophases 
formed and the effect of factors such as the orientation of ester groups 
linking the mesogenic group to the spacer group. This effect is 
illustrated by the transition temperatures reported for polymers (63) 
and (64).92 
In addition, the effect of incorporating methyl substituents in various 
positions on the aromatic ring is shown by comparing the transition 
temperatures of polymers (63), (69), and (71) in which different 
mesogenic groups have been incorporated in to polymers using the 
same spacer group -OCO(CH2)10COO-.60,91,92 
The semi-flexible spacer group in polymers (61) and (67) has produced 
polymers with mesophasic behaviour exhibited over a range of 
temperatures.94,95 Polymers (62) and (68), incorporating the crown 
ether group, only exhibit mesophasic behaviour in the case of the 
former, in which the mesogenic group contains the azo Iinkage.60 
46 
Table 1.19 - Mesophasic Polymers With Main Chain Mesogenic Groups 
Containing Azo and Azoxy Links 
. 
Mesogenic Group Spacer Tm Ti Ref 
°c °c 
(60) ON=N-Q ~O(CH,CH,O)nO~ n=2 137 188 91 
" " 
n=3 126 146 91 
" " 
n=4 87 97 91 
(61) 
" 
~OOO~ 236 267 67 
R~r-v-\ R (62) 
" ~-N ° ° ° N-~ 217 - 60 U '----I '----I \......J 
(63) ON~N-Q O~(CH')lJO 216 265 92 
(64) 
" ~O(CH')'00~ 198 201 92 
(65) 
" ~O(CH,CH,O)nO~ n=2 85 220 91.93 
" " 
n=3 94 160 91.93 
" " 
n=4 87 100 91.93 
(66) 
" (CH,hog( CH')6~O( CH,), 185 191 92 
(67) 
" ~oOo~ 237 275 67 
(68) 
" 
R f\f\r'o/\ R 
C-\_/''-_]'----I0J-c - - 60 
(69) Q-N~N9 O~(CH2),JO 118 163 92 
CH, CH, 
(70) 
" 
O~(CH2)29HCH2~O 151 201 92 
CH, 
(71) VN~-Q O~(CH2),JO 142 165 92 
CH, CH, 
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1.3.2.5 Mesogenic Groups Containing Mixed Links 
A variety of mesogenic groups have been synthesised making use of a 
mixture of all the linkages which have been discussed in the previous 
four sections.94-104 Examples of some of these are detailed in Table 
1.20, which illustrates the wide range of transition temperatures that 
exist for this group of polymers. 
1.3.2.6 Mesogenic Groups With Rings Other Than p-Phenylene 
There are a number of examples of polymers containing mesogenic 
groups other than p_phenylene4S-48,10s-114 some examples of which are 
shown in Table 1.21. Those polymers containing the biphenyl unit 
(7S), (79) and (SO>, in combination with a number of flexible spacer 
units, exhibit a range of mesophasic properties.61,7S,85 The terphenyl 
unit in polymers (S1> - (SS), a very rigid extended mesogenic unit, has 
also been widely incorporated into mesophasic polymers. SO,85 In the case 
of polymer (S 5) this is the most successful use of the crown ether 
flexible spacer unit in producing mesophasic behaviourso• In previous 
examples this has introduced too much flexibility into the main chain, 
resulting in polymers which have not exhibited mesophasic behaviour60. 
Cyc1o-aliphatic rings together with aromatic rings within the same 
mesogenic unit44,47,64 such as those in polymers (S 9), (90) and (91) and 
also mesogenic units shown in polymers (S7), (SS) and (92)4S,48 have 
also been sucessfully incorporated into mesophasic polymers. 
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Table 1.20 - Mesophasic Polymers With Main Chain Mesogenic Groups 
Containing Mixed Links 
Mesogenic Group Spacer Tm Ti Ref 
°C °C 
(72) o 0 Oo{}o-~{}~-o-oo-o O(CH2l nO 242 260 94 
(73) O(CH2)nO n=2 286 >300 103 
OCH=N{}O-§-o~-O-oN=CH-o 
" 
n=3 252 >300 103 
" " 
n=4 254 >300 103 
" " 
n=5 243 275 103 
" " n=6 255 292 103 
" " n=7 189 252 103 
" " n=8 235 270 103 
" " n=9 201 245 103 
" " n=lO 224 257 103 
(74) ~~-O-oN=CH-o " n=7 126 190 103 
" " 
n=8 162 186 103 
(75) rpLo-O-Oo-~~o -(CH2 )n - n=4 398 467 104 
" 
n=5 352 441 104 
" 
" " 
n=6 370 439 104 
" " 
n=7 297 429 104 
" " 
n=8 349 413 104 
" " 
n=9 245 400 104 
" " 
n=lO 320 390 104 
" " 
n=ll 250 380 104 
" " 
n=12 300 386 104 
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Table 1.20 - cont'd 
Mesogenic Group Spacer Tm Ti Ref 
°C °C lPo 0- R~ (76) N 0 e-o 0 o-c 0 NO -(CH2l n- n=5 315 326 95 
" " 
n=6 350 365 95 
" " 
n=7 236 264 95 
" " 
n=8 345 350 95 
" " 
n=9 234 256 95 
" " 
n=lO 277 282 95 
" " 
n=ll 220 238 95 
" " n=12 232 262 95 
(77) -OO'0J~o " n=7 255 290 95 
orpL N n=8 345 375 95 N • • 
" • n=9 255 290 95 
• • n=lO 290 340 95 
" " n=12 240 300 95 
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Table 1.21 - Mesophasic Polymers With Main Chain Mesogenic Groups 
Having Rings Other Than p-Phenylene 
Mesogenic Group Spacer Tm Ti Ref 
°C °C 
(78) 0-0 ~0(CH2)nO~ n=2 314 350 85,106 
" " 
n=3 253 261 106 
" " 
n=4 274 293 85,105-107 
" " 
n=5 208 
-
105,106 
" " 
n=6 209 229 85,105-107 
" " 
n=7 89 144 105 
" " 
n=8 111 188 105,107 
" " 
n=9 80 95 105 
" " 
n=1O 96 159 106,107 
(79) 
" 0§(CH2)JO n=5 245 255 61,108 
" " 
n=6 245 325 61,108 
" 
« n=7 239 250 108 
" " 
n=8 210 275 61,76,108 
" " 
n=9 218 225 108 
" " 
n=1O 203 257 108 
" " 
n=l1 213 216 108 
" " 
n=12 195 225 61,108 
(80) R R n=2 191 
" 
O( CH 2)20~( CH2)nCO( CH 2) 20 - 76 
" " n=8 155 - 76 
(81) 0---0--0 gO(CH2)nO~ n=2 322 393 85 
" " n=4 340 407 85 
" " n=5 226 366 85 
" " n=6 236 355 85 
" " n=lO 256 311 85 
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Table 1.21 - cont'd 
Mesogenic Group Spacer Tm Ti Ref QC QC 
(82) 0-0-0 R CO(CH2CH20lnCH2CH2 n=1 213 389 85 
" " 
n=2 187 337 85 
" " 
n=3 125 253 85 
• " n=9 70 117 85 
R CH, ~ (83) • I 256 348 COCH 2- y-CH2OCO 85 
CH, 
(84) R yH 2CH, ~ 117 187 " COCH 2-C-CH2OCO 85 , 
CH 2CH, 
(85) • ~IY1(-\r""\J V 237 265 60 
(86) Oto-O-OoJ-g O(CH,lnO n=9 290 380 61 
• • n=1O 258 374 46.56 
• • n=11 285 390 61 
O~-o-Oo~ (87) 0 O(CH,l,oO 151 168 48 
~8-8R (88)0 -0 0 OO-C{» • 224 248 48 
(89) <g-LOoJ-g O~(CH,lJo n=3 60 93 44 
• " n=4 120 144 44 
• • n=5 79 85 44 
• • n=6 93 116 44 
" • n=7 76 102 44 
" 
• n=8 65 75 44 
" " n=9 68 82 44 
• • n-1O 94 123 44 
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Table 1.21 - cont'd 
Mesogenic Group Spacer Tm Ti Ref 
°C °C 
(90) OL~oJ-o O§(CH,)Jo n=4 258 287 47 
" " n=5 245 282 47 
" " 
n=6 246 295 47 
" 
, n=7 216 257 47 
" " n=8 228 264 47 
" " n=lO 202 225 47 
(91) R rH, rH, n=2 - 166 64 O§-o~o-b-O O(CH,) ;(SiO)nSi(CH2),O I I 
" 
CH, CH, n=3 
- 151 64 
" 
" " 
n=4 - 127 64 
" " 
n=5 - 121 64 
(92) tcP O~(CH2)Jo n=5 - 210 46 
" " 
n=6 - 206 46 
" " 
n=7 - 166 46 
" " n=8 181 197 46 
1.4 Summary of the Work Undertaken in this Study 
The previous sections describe the incorporation of mesogens into 
polymers in order to specifically synthesise polymers exhibiting some 
of the features of low molecular weight mesogens. Although a 
considerable amount of work has been carried out on the incorporation 
of cholesterol derivatives into side chain polymers to produce mesophasic 
domains, no workers have yet studied the effects of incorporating 
steroid mesogenic groups into main chain polymers. We therefore 
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proposed to investigate the use of steroids as potential mesogenic groups 
for the preparation of main chain mesophasic polymers. 
A synthetic program was instigated with a view to producing novel 
main chain mesophasic polymers based on the synthesis and 
polyesterification of a variety of steroid monomers of the type (93), 
where the substituents R' were readily polymerisable diol groups and 
the A/B ring junction at C-5 had either an ex or B configuration. 
OH RI= 
---OH , C -H 5 (95) 
RI = ~OH, C -H 5 (04) 
RI = ~OH, Cs---H (31) 
R' RI = ~OH, CS=C6 (49) 
(9~) 
As the properties of main chain polymers produced from such steroidal 
mesogenic units may be critically dependent on the type and size of 
the flexible units in addition to the nature of the steroid, an extensive 
investigation of both the steroid and the comonomer structure has been 
required. 
3ex-hydroxy-5B-cholan-24-01 (95) was the initial mesogenic group 
incorporated into a copolymer series by polymerisation with the diacid 
chlorides C1CO(CH2)nCOCI where n=2 and 4. The resulting copolyesters 
were characterised by chromatographic and thermal techniques. 
Further copolymer series were subsequently produced from the steroid 
monomers 3-(2-hydroxyethyD-5s -cholan-24-01 (104), 3-(2-hydroxy-
ethyD-5ex -cholan-24-o1 031> and 3-(2-hydroxyethyDchol-5- en-24-o1 
(149) coupled with a wider range of diacid chlorides ClCO(CH2)nCOCl 
where n=2 to 12. These polymer series have allowed an extensive 
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investigation into the effects of both varying spacer length and also the 
nature of the mesogenic moiety. 
An additional copolymer series has been produced by coupling the 
steroid monomers (104) and (131) with biphenyldiacid chloride. This 
has enabled the production of a main chain polymer incorporating 
steroid moieties with other mesogenic moieties already known to exhibit 
mesophasic behaviour. 
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CHAPTER TWO 
Results and Discussion 
2.1 Synthesis And Subsequent Polymerisation of 3cx -liydroxy-
58 -cholan-24-ol (95) 
Among steroids considered suitable to begin this investigation were the 
readily available derivatives of 3cx -hydroxy-58 -cholan-24-oic acid 
(94). 3cx -liydroxy-58 -cholan-24-o1 (95) was prepared in good yield 
by the reduction of the acid (94) using lithium aluminium hydride.l1s 
C02H 
OH 
H (94) H (95) 
Solution polycondensation 116 was achieved with succinyl chloride and 
adipoyl chloride, in order to produce the copolymers (96) and (97). 
H 
(96) n = 2, (97) n = 4. 
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2.1.1 Chromatographic Analysis 
The molar mass of each polymer sample was determined by high 
performance gel permeation chromatography using two coupled 
Polymer Laboratories PLgel 50A, 5ll m, 60cm x 7.5mm internal 
diameter (ID) columns with toluene as eluent. The columns used were 
calibrated prior to use with polystyrene standards (580 and 1850 
molar mass). Figure 2.1 shows the chromatogram of copolymer (97), 
the figures in brackets corresponding to the approximate molar mass 
of oligomer peaks present. However, it is important to note that at 
this stage no effort has been made to assign absolute values and account 
for the behaviour of steroidal oligomers which, on this chromatographic 
system are likely to be very different to polystyrene oligomers. 
Figure 2.1 - Chromatogram of Copolymer (97) 
(700) 
t 
I i i i j i I I 
(200).11, 0.2%) 
2 x PLgel 50A, 5llm 
60cm x 7.5mm ID 
Eluent: Toluene 
Flow: lm! min-1 
Detector: RI 
20 21 22 23 24 25 26 27 minutes 
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The main oligomers present in copolymer (96) corresponded to 650. 
725. 1200. 1650 molar mass when translated directly from the 
polystyrene calibration and it was apparent that these copolymers 
consisted mainly of oligomers derived from two steroid monomers 
coupled by a single flexible spacer. Clearly samples with such low 
molar mass were not suitable to warrant further study. and this area 
of work was abandoned in favour of the production of a steroid diol 
with similarly reactive primary hydroxyl groups, more likely to yield 
polyesters with significantly increased molar mass. 
2.2 Synthesis and subsequent polymerisation of 3-(2-
hydroxyethyH-5a -cholan-24-01 (20) 
At this stage it was intended to produce a steroid monomer which 
could be linked directly into the polymer backbone through two equally 
reactive primary hydroxyl groups. The synthetic route employed 
towards the production of one such monomer is outlined in Scheme 2. 
3a -Hydroxy-5a -cholan-24-oic acid (94) was converted to the 
corresponding methyl ester (98) by the action of diazomethane. owing 
to the greater ease with which this compound could be handled 
compared to the parent acid. Oxidation to the ketone (99) was initially 
attempted with lones reagent.'16 However. the oxidised product was also 
found to contain traces of the hydrolysed product 3-oxo-5a -cholan-
24-oic acid (10m by thin layer chromatography (tlel and the presence 
C02H 
° H 
(lOo) 
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of an additional shoulder (0.71 ppm) on the C-1S methyl signal (0.76 
ppm) in the lH nmr spectrum. Oxidation under milder conditions using 
the chromium trioxide/pyridine complex known as CoIlins' reagentl17 
produced methyl 3-oxo-Ss -cholan-24-oate (99) in better yield. 
Scheme 2 - Synthesis of 3-(2-hydroxyethyD-Ss-cholan-24-ol (104) 
HO· .... · 
H 
MeO,C 
MeO,C 
(94) 
H 
H,/Pd 1 
H 
(101) 
(103) 
CO,H 
CH2Nz) 
C02Me 
(MeO)2P(O)CH lCOzMe 
C02 Me 
HO 
CO,Me 
H (98) 
1 Crtl,.'C,H,N 
CO,Me 
o 
H (99) 
OH 
H (104) 
A Wittig reactionl18 was employed for the conversion to methyl 
3-(methoxycarbonylmethylene)-5s -cholan-24-oate 001>, by the 
action of trimethyl phosphonoacetate and sodium methoxide on the 
ketone (99). Attempts to crystallise this product were unsuccessful and 
purification was achieved by flash chromatography eluting with 
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petroleum ether (40-60l/dichloromethane. Hydrolysis of the pure 
alkene 000 to the corresponding diacid (02) gave a semi-crystalline 
product and attempts to produce a crystal of (02) suitable for X-ray 
analysis were unsuccessful. Further structural assignment was not 
attempted at this stage. Subsequent hydrogenation. with platinum oxide 
catalyst gave methyl 3-(methoxycarbonylmethyD-5a -cholan-24-oate 
(103) in good yield. and close inspection of the C-18 and C-19 methyl 
signals in the 'H nmr spectrum provided no evidence that (03) 
consisted of a mixture of isomers differing in the stereochemistry at 
C-3 since no duplication of the signals was observed. 
Reduction of (103) using lithium aluminium hydride gave pure 
3-(2-hydroxyethyD-5a -cholan-24-01 (04) in an overall yield of 46%. 
Once again. the 'H nmr spectrum showed no duplication of the C-18 
and C-l 9 signals. The 13C nmr spectrum. however. showed significant 
duplication of the C-19 (20.8 and 20.9 ppm) and C-2' of the 
hydroxyethyl side chain (61.0 and 61.3 ppm) providing clear evidence 
of the existence of two isomers at C-3. 
Notwithstanding this. solution polycondensation was employed in order 
to couple (04) with a range of flexible spacer groups of varying 
length. producing polymers with the repeat unit: 
--1--0 
H 
where n = 2 to 12 OOSa- 11 Sa ) 
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2.2.1 Chromatographic Analysis 
Copolymers where n = 2 (105&) and n = 4 (107&) were analysed by 
high performance gel permeation chromatography using a modified 
Waters 502 ALC/GPC, with tetrahydrofuran (stabilised with 1 % quinoD 
as eluent. The columns used were two coupled Polymer Laboratories 
PLgel 100A, Sllm, 30cm x 7.Smm ID and PLgel SOA, Sllm, 60cm x 
7.Smm ID producing a chromatogram typical of that shown in Figure 
2.2. The remainder of the copolymers where n = 3 006&) and n = S 
- 12 008&) - (115a) were analysed using a PLgel SOOA, 511m, 60cm x 
7.5mm ID column coupled with a Knauer 64 solvent delivery pump 
and differential refractometer. 
Calibration of the chromatographic system was achieved using a range 
of polystyrene standards and the calibration graphs were linear over 
the entire molar mass range used (S80 to 2.1 x 106). However, as gel 
permeation chromatography separates polymer samples into fractions 
according to their molecular size, it was expected that a known molar 
mass polystyrene would have a different molecular size to a steroidal 
polymer of equivalent molar mass. This occurs as the different 
chemical constituents along the polymer chain affect the conformation 
of the polymer in solution. The increased number of bulky groups in 
the steroidal polymer results in a molecular size equivalent to that of 
a polystyrene of greater molar mass. This was illustrated by a 
chromatogram of the steroid monomer which from the polystyrene 
calibration graph had a molar mass 1.2 times greater than the actual 
value. Consequently, it was necessary to employ a corresponding 
conversion factor in order to assign an approximate molar mass for 
each copolymer sample and reported values are scaled down 
accordingly. 
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c Figure 2.2 - Chromatogram of Copolymer 005") 
I 
12 
(2340> 
{, 
<I540> 
{, 
I 
13 
(950) 
{, 
(S60> 
{, 
I 
14 
a solution polycondensation 
(l 00111, 0.1 %) 
PLgel 100A, 5l1m 
30cm x 7.5mm ID 
PLgel 50A, 5l1m 
60cm x 7.5mm ID 
Eluent: THF 
Flow: Iml min-1 
Detector: RI 
(490) 
{, 
minutes 
Portions of each of the polymer samples (105a) - (115"), synthesised 
by solution polycondensation, were subsequently subjected to thermal 
polycondensation (48 hours at 230°0 in order to further polymerise 
some of the oligomer species present and increase the samples· overall 
molar mass. The polymer samples which were used in this instance 
had been stored at ambient temperature for 5 days in the case of 
polymers 005a) and (107") and 48 hours for the remainder of the 
polymers (106") and (10sa) - (115a).Characterisation of the resulting 
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series of copolymers 005b) - (115b) was carried out alongside the 
parent copolymer samples 005") - <115") from which they were 
produced. The chromatographic system used in this instance was a 
PLgel mixed gel, 101-1 m, 60cm x 7.Smm ID column coupled with a 
Knauer solvent delivery pump and refractometer and Figure 2.3 shows 
a typical increase in molar mass which is brought about by the thermal 
polycondensation of copolymer <105"). A comparison between the two 
Figure 2.3 Chromatogram of copolymer (lOSb) 
I 
11 
(98So) 
t 
I 
12 
(j 001-11, 0.1 %) 
PLgelIOOA, SI-Im 
30cm x 7.Smm ID 
PLgel SOA, SI-Im 
60cm x 7.Smm ID 
Eluent: THF 
Flow: I ml min-1 
Detector: RI 
I 
13 minutes 
b solution followed by thermal polycondensation 
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chromatograms shown in Figures 2.2 and 2.3 illustrates the effect that 
thermal po1ycondensation has on a series of low molar mass oligomers, 
initially appearing as resolved peaks which condense to a sample 
composed of a range of higher molar mass oligomers such that they 
are no longer resolved on the chromatogram. Tables 2.1 and 2.2 detail 
the molar masses of all the oligomer species identified in these two 
series of copolymers. 
Table 2.1 - Molar Mass of Copolymers nOS") - (115") Synthesised 
by Solution Polycondensation 
Copolymer n Yield Molar Mass Of Oligomers 
% 
(105") 2 90 2340, 1870, 1540, 950, 860, 490 
<106") 3 88 3490,2420, 1540, 1080, 880 
<107") 4 93 2930, 1890, 1510, 1020, 900 
<108 a ) 5 94 3490,2260, 1420, 1040,910 
<109a ) 6 88 2590, 2060, 1770, 1420, 1330, 1080 
<110a ) 7 90 4550,3370,2470,1670,1100,940 
<111 a) 8 91 3190,2390,2240, 1460, 1290, 1120 
<112a ) 9 90 7130, 5730, 4990, 3490, 2440, 1710, 
1530, 1140,960 
<113a ) 10 93 6980, 5420, 4620, 3940, 2420, 1720, 
1370, 1170 
<114") 11 87 6360, 4990, 3660, 2710, 1740, 1270, 
1010,600 
(115 8 ) 12 90 5170,4060,3040,1920,1610,1000 
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Table 2.2 - Molar Mass of Copolymers (105b) - (115b) Synthesised 
by Solution followed by Thermal Polycondensation 
Copolymer n Molar Mass 
(105b) 2 9850 
(106b) 3 14900 
(107b) 4 15100 
U08b) 5 11830 
(109b) 6 12230 
(110b) 7 14620 
U11 b) 8 12230 
U12b) 9 13720 
(113b) 10 15350 
(114b) 11 16950 
(115b) 12 18120 
2.2.2 Thermal Analysis 
The glass transition temperatures (Tg) of all the copolymer samples 
were investigated using a Polymer Laboratories Dynamic Mechanical 
Thermal Analyser (DMT A) and the values obtained are listed in Table 
2.3. A number of features can be observed in the analysis of the 
transition temperatures of these two copolymer series. 
Firstly, the increase in Tg with the increase in molar mass of the 
sample is apparent. This is brought about as the ends of polymer 
chains are free to move about more readily than segments within the 
polymer chain and as such, each chain end occupies more free volume 
than a segment in the chain interior. The higher proportion of chain 
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ends in a low molar mass sample make a greater contribution to the 
free volume when polymer chains begin to move about. This results in 
a lower Tg compared to a higher molar mass sample of the same 
polymer, which has a greater proportion of segments in the chain 
interior. 
Table 2.3 - Glass Transition Temperatures of the Copolymers (105) -
(15) 
Copolymer n Tga Tt 
°C °C 
(105) 2 40 62 
(06) 3 27 43 
(107) 4 33 46 
(08) 5 25 28 
(09) 6 20 30 
(10) 7 18 21 
(11) 8 23 28 
(112) 9 23 27 
(13) 10 19 26 
(14) II 14 23 
(115) 12 6 26 
a solution polycondensation 
b solution followed by thermal polycondensation 
Secondly, the expected trend of the increase in the flexibility of the 
polymer chain with the increasing carbon length of the flexible spacer. 
corresponds to a reduction in the temperature required to achieve the 
glass transition temperature. So within a given polymer series the 
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value of Tg decreases with an increasing value of n. However, for the 
thermally converted copolymers (lOSb) - (llSb), a plot of Tg versus 
n, the number of methylene groups (Figure 2.4), clearly illustrates a 
secondary trend superimposed on the reduction of Tg in that for the 
most part the copolymers with an even number of methylene groups 
have higher Tg's than those with an odd number. No attempt can be 
made to look for this type of correlation in the copolymers (losa) -
(llSa) as the value of the observed Tg is an average value resulting 
from the contribution of a number of different molar mass oligomers. 
Figure 2.4 - Glass Transition Temperatures of Copolymers (lOSb) -
(llSb) 
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Observations of a similar type have been made for the diethylene 
glycol - dicarboxylic acid series of linear polyesters120 and it has been 
suggested that this 'odd - even' effect can be explained by a similar 
observation of alternating melting points in linear aliphatic 
polyesters.121,122 Two factors have been attributed to the 'odd - even' 
alternation in melting points. Namely the effect on chain flexibility 
resulting from different bond orientations at the ends of the methylene 
chains and the spacing of the carbonyl groups causing differences in 
the intermolecular forces.123 Both factors would be expected to have 
the same effect on the Tg as on polymer melting. 
In addition, the size of the 'odd - even' effect should be reduced as the 
length of the methylene chain increases, whether it is as a result of 
chain flexibility, intermolecular forces, or a combination of both. As 
the methylene chain increases, the proportion of -CRe groups at the 
ends of the methylene chains affected by different bond orientations is 
reduced thus reducing their effect on chain flexibility. Also the 
contribution to the intermolecular forces is reduced as the proportion 
of carbonyl groups in the polymer decreases. This is broadly illustrated 
by the results shown in Figure 2.4 where at n=8 the 'odd - even' effect 
ceases to have much significance. 
Differential scanning calorimetry (DSC) was used to scan all the 
copolymer samples through a temperature range of 30°C - 400°C in 
order to observe any evidence of crystallinity within the samples and 
the presence of any mesophases formed if the polymer was found to 
melt. As no evidence of melting was found for any of the samples 
produced, performing all scans in duplicate with two samples in each 
case, attempts were made to induce crystallinity by annealing copolymer 
samples (105b) - (l15b) for 24 hours at elevated temperatures. Before 
the above scanning procedure was repeated, samples were annealed 
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initially at a temperature of 130°C followed by annealing at 150°C, 
I700C and 230°C. The resulting scans failed to provide any evidence 
of crystallinity in these samples. 
Optical microscopy was also used in order to record any visible changes 
which may occur whilst taking samples through a temperature range 
of 30°C - 300°C viewed through polarised light. However no visible 
changes of the polymer samples could be detected. 
Since it was apparent that further manipulation of these polymer 
samples was unlikely to induce crystallinity, this area of work was set 
aside in favour of the production of a steroid monomer having the 5a 
configuration at the junction of the A and B rings, in order to 
investigate the idea that a more planar mesogenic unit may affect the 
ability of the polymer chains to line up and therefore exhibit some 
evidence of a more ordered structure. 
It is important to note at this point however, that the presence of two 
structural isomers in the 3-(2-hydroxyethyD-5e-cholan-24-01 (104) 
monomer may also be a significant factor in reducing the ability of 
the polymer chains to produce an ordered structure and this will be 
discussed further in Section 2.7 - Summary Discussion. 
2.3 Synthesis and Subsequent Polymerisation of 3-(2-
hydroxyethyD-Sa-cholan-24-oI030 
This area of work was directed towards the production of a steroidal 
monomer with a more planar structure brought about by a trans-fused 
junction between the A and B rings, in order to investigate the 
possibility that the structure of the mesogenic unit may seriously affect 
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the ability of the polymer chains to line up and arrange into a semi-
ordered two or three dimensional array. 
Initially. preg-5-en-3-01-20-one (16) was hydrogenated in glacial 
acetic acid using platinum oxide catalyst11g to produce 
5cx-pregnan-3-o1-20-one (17) and subsequent oxidation with Collins 
reagentl17 gave 5cx-pregnan-3.20-dione (18) in good yield. However. 
attempts to chain extend 51X -pregnan-3.20-dione (18) with a Wittigl18 
reaction using sodium methoxide with trimethyl phosphonoacetate 
resulted only in the production of the alkene 3-(methoxy-
carbonylmethylene)-51X -pregnan-20-one (119). 
HO HO 
(116) (17) 
o Meo2e 
(18) (119) 
Further attempts at chain extension at C-20 on 5cx-pregnan-
3-o1-20-one (17) and 3-(methoxycarbonylmethylene)-5cx-pregnan-
20-one (19) using potassium t-amylate with the phosphorane derived 
from the tetrahydropyranyI derivative of 3-bromo-I-propanol (120)124 
Br- Ph3P+~OTHP 
020l 
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proved unsuccessful and this area of work was abandoned in favour of 
the more convenient synthesis outlined in Scheme 3. 
A suitable starting point in order to accomplish the synthesis of the 
desired monomer was thought to be the readily available 
30< ,60< -dihydroxy-5a -cholan-24-oic acid (121), Owing to the greater 
ease with which the ester could be handled, the acid (121) was 
converted to methyl 3ex ,6ex -dihydroxy-5a -cholan-24-oate (22) using 
diazomethane. Subsequent conversion to methyl 3ex ,6ex -bis[{(4-methyl-
phenyDsulphonyDoxy]-5a-cholan-24-oate (23) was achieved using 
p-toluenesulphonyl chloride125• Treatment of (123) with potassium 
acetate in dimethyl formamide results in an SN2 displacement at C-3 
and an elimination reaction of the E-l type at C_6125 to yield methyl 
3a -acetoxychol-5-en-24-oate (124) and 3a -hydroxychol-5-en-
24-oic acid (125) after subsequent hydrolysis. The 24-methyl ester 
(126) was prepared by reaction with diazomethane and subsequent 
hydrogenation119 gave methyl 38 -hydroxy-5ex -cholan-24-oate (127) in 
an overall yield of 46%. 
It was then possible to use this hydroxy ester (127) in a similar way 
to that established in Section 2.2. Oxidation to the ketone (28) with 
Collins' reagentl17 and the use of the Wittig reactionl18 with trimethyl 
phosphonoacetate yielded methyl 3-(methoxycarbonylmethylene)-
5a -cholan-24-oate (129) in good yield. The major reaction product 
was carefully chromatographed and close inspection of the C-18 and 
C-19 lH nmr signals provided no evidence that the compound (29) 
consisted of a mixture of isomers at C-3. Subsequent hydrogenationl19 
gave the diester 030> which appeared also to be homogeneous from 
the lH nmr data. Reduction of (130) with lithium aluminium hydride 
gave 3-(2-hydroxyethyD-5a-cholan-24-01 (31) in an overall yield of 
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Scheme 3 - Synthesis of 3-(2-hydroxyethyll-5olC.-cholan-24-o1 (131) 
CHzNz ) 
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H 020 H (22) OH OH 
C02Ms 1~t' C02M. 
M. 
, 1. KOCOMe/.o. 
2. CHlNz 
HO (26) TsO ...... H , (23) OTs 
H2 /P 1 C02M. C02M. 
CrOy2C~H5N ) 
HO (127) (28) 
C02Me 
1 (M.Q),P(O)CH,CO,M. 
C02Me 
HdP 
~
Mso2e Me02C 
030l (29) 
OH 
HO 
030 
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53%, which from the 'H nmr data appeared to be homogeneous. 
However, without evidence provided by '3C nmr data the absolute 
configuration at C-3 is unclear. 
The earlier production of two isomers differing in the stereochemistry 
at C-3 by a similar method (Section 2.2) would suggest that 
3-(2-hydroxyethyl)-5c< -cholan-24-o1 (131) is likely to consist of a 
similar mixture of isomers. 
Solution polycondensationl16 was achieved in order to couple the steroid 
monomer (131) with a range of flexible spacer groups producing 
polymers with the repeat unit: 
-+--0 
where n = 2 to 12 032a_ 142a ) 
2.3.1 Chromatographic Analysis 
The molar mass of the copolymers 032a) - 042a) was determined by 
high performance gel permeation chromatography using a Knauer 64 
solvent delivery pump and differential refractometer, with a Polymer 
Laboratories PLgel 500A, 511m, 60cm x 7.5mm ID column. Copolymers 
032a) - (428 ) all produced a chromatogram similar to that shown in 
Figure 2.5. 
73 
Figure 2.5 - Chromatogram of Copolymer (132") 
(2] 10) 
(2790> 
(3120> t 
t 
(4010> 
t 
(4230) 
t 
t 0390> t (1030> 
t 1870) 
(! 00111. 0.2%) 
PLgel 500A.5I1m 
60cm x 7.5mm ID 
Eluent: THF 
Flow: I ml min-1 
Detector: RI 
i i , , [ I , I I j 
11 12 13 14 15 16 I 7 I 8 I 9 20 minutes 
"solution polycondensation 
As described previously in Section 2.2.1. the chromatographic system 
was calibrated prior to use with a range of polystyrene standards and 
as expected, this indicated that the behaviour of the steroid diol 
monomer 031> on this chromatographic system was such that it was 
once again necessary to employ a conversion factor. Consequently, 
reported values of molar mass for each copolymer sample are scaled 
down accordingly. 
Portions of each of the copolymer samples <132") - (428 ) which had 
been produced by solution polycondensation. following storage at 
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ambient temperature for 48 hours. were subsequently subjected to 
thermal polycondensation (48 hours at 230 °0 in order to further 
polymerise some of the oligomer species present and increase each 
sample's overall molar mass. Characterisation of these copolymers was 
carried out alongside the polymer samples from which they were 
produced. The chromatographic system used in this case was as 
described earlier using a PLgel mixed gel. lOJ.lm. 60cm x 7.5mm ID 
column and Figure 2.6 shows a typical molar mass which is obtained 
after thermal polycondensation, Comparison of the two chromatograms 
shown in Figures 2.5 and 2.6 shows the increase in the overall molar 
mass of the sample which is brought about by thermal polycondensation. 
Tables 2.4 and 2.5 detail the molar mass of the all the oligomer 
species which were identified in the copolymer series (132) - (42). 
Figure 2.6 Chromatogram of Copolymer <132b) 
(17860> 
t 
<lOOlll. 0.2%) 
PLgel mixed gel,! Ollm 
60cm x 7.Smm ID 
Eluent: THF 
Flow: Iml min-1 
Detector: RI 
I I I I , I I I , 
9 10 11 12 13 14 IS 16 I 7 minutes 
b solution followed by thermal polycondensation 
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Table 2.4 - Molar Mass of Copolymers (132") - (142") Synthesised 
by Solution Polycondensation 
Copolymer n Yield Molar Mass of Oligomers 
% 
032") 2 87 4230,4010,3120,2790,2110, 1390, 
1030, 870 
(133") 3 95 6500, 6030, 4450, 4070, 2840, 2130, 
1480, 1090, 890 
034") 4 91 4300, 3220, 2360, 1530, 1120, 900 
(135") 5 88 8770, 8030, 6500, 5660, 4450, 3610, 
2680, 2330, 1430, 1030 
036") 6 91 6500,5100, 4500,3370,2470, 1600, 
1450, 930 
(137") 7 90 9840, 7820, 7080, 5800, 5300, 3960, 
2910, 1920, 1650, 1270, 1080,550 
038") 8 90 3450, 2590, 1670, 1400, 1130, 960, 
560 
039") 9 94 7300,5930,4770,3620,2500, 1650, 
1530, 1150, 970 
(140") 10 86 7410,5640,4120,3680,2590,1730, 
1580, 1180 
041") 11 91 6800, 5400, 3960, 2900, 1850, 1210, 
1000 
(142") 12 95 7130,5730,4160,3100, 1970, 1620, 
1230 
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Table 2.5 - Molar Mass of Copolymers (132b) - (142b) Synthesised 
by Solution followed by Thermal Polycondensation 
Copolymer n Molar Mass 
(132b) 2 17860 
(133b) 3 22040 
(134b) 4 19190 
(135b) 5 24720 
(136b) 6 10430 
037b) 7 18540 
038b) 8 15420 
(139b) 9 16570 
(140b) 10 16910 
(141b) 11 18460 
042b) 12 19210 
2.3.2 Thermal Analysis 
Polymer Laboratories DMT A was used in order to determine the Tg's 
of the copolymers (32) - (142) and the values obtained are listed in 
Table 2.6. As expected the copolymers exhibit an increase in the Tg 
corresponding to the increase in molar mass brought about by thermal 
polycondensation. In addition, the general trend of a lowering in the 
Tg with an increased flexibility in the polymer chain is apparent and 
the values obtained are very much in accordance with those obtained 
for the previous series detailed in Section 2.2.2. Figure 2.7 shows Tg 
plotted against n, the number of methylene groups in the repeat unit, 
and clearly illustrates a further example of the 'odd - even' alternation 
of Tg. 
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Table 2.6 - Glass Transition Temperatures of the Copolymers (132) -
(142) 
Copolymer n 
Tga Tgb 
°C °C 
(32) 2 39 46 
(33) 3 27 44 
(34) 4 22 45 
(35) 5 25 40 
(36) 6 11 43 
(37) 7 23 25 
(138) 8 27 33 
(39) 9 24 28 
(40) 10 25 31 
(41) 11 18 23 
(42) 12 21 25 
a solution polycondensation 
b solution followed by thermal polycondensation 
DSC was carried out under the same conditions described previously in 
Section 2.2.2 and again it became apparent that annealing of the 
polymer samples in the same way, at a range of elevated temperatures 
was unlikely to result in the induction of crystalline regions. Optical 
microscopy provided no further evidence of crystallinity or the 
presence of any mesophasic behaviour exhibited by these copolymer 
samples. 
X-ray crystallography was employed in order to further investigate 
the presence of any long range structural order. A copolymer sample 
from the middle of the polymer range was selected for X-ray analysis 
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Figure 2.7 - Glass Transition Temperatures of Copolymers (132b) -
042b) 
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and copolymer (136b), which had been synthesised by solution 
polycondensation followed by thermal polycondensation, was found to 
be amorphous, exhibiting no evidence of any structural order. 
Further work on this 5ex -steroid monomer (31) was set aside in 
favour of the production of a steroid unit in which a greater planarity 
of the monomer was achieved by the inclusion of a double bond at 
C-5 / C-6. This allowed the investigation of a monomer with greater 
planarity which may be more suitable as a mesogenic unit. In 
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addition, the incorporation of this steroidal unit into the polymer 
backbone would provide a more direct correlation with some of the 
earlier work in this area where comparisons of cholesteryl and 
cholestanyl pendant mesogenic units were studied7• 
2.4 Synthesis and Subsequent Polymerisation of 3-(2-
hydroxyethyDchol-S-en-24-o1 <149> 
In this area of work the aim was to synthesise an equivalent monomer 
to those used in the previous polymer series, but differing in the overall 
planarity of the mesogenic unit by the inclusion of a double bond at 
C-5/C-6. Furthermore, a monomer of this structure would more 
closely resemble the cholesteryl derivatives such as cholesteryl acrylate 
(6), shown to produce side chain mesophasic polymers.7 
It was considered that the selective oxidation of· 3<x,6<x-
hydroxy-5B-cholan-24-oic acid (21) may provide a convenient 
starting point for the synthesis, by using a modification of the synthetic 
route previously established (Section 2.2>, as outlined in Scheme 4. 
Initial attempts at the selective oxidation of <121> using two equivalents 
of silver carbonate on celite126 resulted in the recovery of only starting 
material after 48 hours refluxing. 
Successful selective oxidation was achieved using 2.2 equivalents of 
n-bromosuccinimide in aqueous acetone at room temperature.127,128 The 
reaction product was converted with methanol/hydrochloric acid to 
methyl 3,3-dimethoxy-6<x -hydroxy-5B -cholan-24-oate 043>, in 
order to aid purification. as 043> was the only product which could 
be effectively separated from other reaction by-products. Subsequent 
hydrolysis by heating under reflux in 90% acetic acid and esterification 
using diazomethane gave methyl 3-oxo-6<x-hydroxy-5B-cholan-24-
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oate (44). A Wittig reaction118 using trimethyl phosphonoacetate gave 
methyl 3-(methoxycarbonylmethylene)-6cx -hydroxy-Ss -cholan-24-
oate (45) which was subsequently hydrogenatedl19 to yield methyl 
3-(methoxycarbonylmethyl)-6cx -hydroxy-5s -cholan-24-oate (146). 
Scheme 4 - Synthesis of 3-(2-hydroxyethyD-chol-5-en-24-o1 (49) 
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Close examination of the 1H nmr spectrum of this compound provided 
no evidence that it consisted of a mixture of isomers at C-3. and it 
was now possible to take advantage of the elimination at C-S/C-6 
employed in the previous synthesis (Section 2.3).125 Tosylation was 
achieved with p-toluenesulphonyl chloride and subsequent elimination 
gave methyl 3-<methoxycarbonylmethyllchol-S-en-24-oate (48) in 
good yield. Reduction with lithium aluminium hydride gave 
3-<2-hydroxyethyllchol-S-en-24-ol (49) in an overall yield of 43%. 
From the 1H nmr data (49) appeared to be homogeneous. showing no 
duplication of the C-18 and C-19 signals. Close examination of the 
13C nmr spectrum however. showed slight duplication of the signals for 
the C-19 (20.61 ppm). C-6 (119.16 and 120.99 ppm) and C-2' of the 
hydroxyethyl side chain (60.19 and 60.34 ppm) providing clear evidence 
that although the compound is composed of mainly one isomer. a small 
amount of the other isomer differing in the stereochemistry at C-3 is 
present. 
Solution polycondensation 116 was achieved in order to couple the steroid 
monomer (149) with a range of flexible spacer groups producing 
polymers with the repeat unit: 
-+-0 
R 
h a a were n = 2 to 8 and 10 <1S0 - 157 ) 
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2.4.1 Chromatographic Analysis 
The copolymers (508 ) - (578 ) were analysed using high performance 
gel permeation chromatography using a Knauer 64 solvent delivery 
pump and differential refractometer, with a Polymer Laboratories 
PLgel 5ODA, 5l1m, 60cm x 7.5mm ID column. A chromatogram similar 
to that shown in Figure 2.8 was produced by the copolymers (1508 ) -
(1578 ). 
Prior calibration with a range of polystyrene standards indicated that 
the behaviour of the steroid diol monomer (149) on this chromatographic 
system was such that it was once again necessary to employ a 
conversion factor, as described in Section 2.2.1. Consequently, reported 
values of molar mass for each copolymer sample are scaled down 
accordingly. 
As described previously (Section 2.2) portions of the polymer samples 
which had been produced by solution polycondensation were subsequently 
subjected to thermal polycondensation (230°C for 48 hours) in order to 
further polymerise some of the oligomer species present and increase 
the samples' overall molar mass. Prior to thermal polycondensation the 
copolymers had been stored at ambient temperature for 48 hours. 
Characterisation of these copolymers was carried out alongside the 
polymer samples from which they were produced. The chromatographic 
system used in this case was as described earlier with a PLgel mixed gel, 
IOlIm, 60cm x 7.5mm ID column and Figure 2.9 shows a typical molar 
mass which is obtained after thermal polycondensation. 
Details of the molar mass of all the oligomer species present in the 
copolymers (150) - (157) in this series can be found in Tables 2.7 
and 2.8. 
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Figure 2.8 - Chromatogram of Copolymer <150") 
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Figure 2.9 - Chromatogram of Copolymer <150b) 
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Table 2.7 - Molar Mass of Copolymers 050°) - 057") Synthesised by 
Solution Polycondensation 
Copolymer n Yield Molar Mass Of Oligomers % 
050") 2 94 2940, 1820, 1640, 1380, 1050, 860 
051°) 3 90 4510, 2950, 2370, 1660, 1410, 1260, 
880 
052") 4 89 3850,2390, 1800, 1460, 1110,890 
053") 5 88 3520, 2400, 1820, 1480, 1150, 910 
054") 6 90 4890, 3380, 2420, 1840, 1500, 1040 
055°) 7 91 4340, 2950, 2440, 1860, 1510, 1050, 
930 
056") 8 89 5480, 3970, 2720, 2190, 1660. 1260, 
940 
US7") 10 90 5560, 3710, 2980, 2480, 1930, 1310, 
960 
Table 2.8 - Molar Mass of Copolymers o SOb) - (1S7b) Synthesised by 
Solution followed by Thermal Polycondensation 
Copolymer n Molar Mass 
050b) 2 14750 
051 b) 3 14770 
052b) 4 16680 
OS3b) 5 18590 
OS4b) 6 15460 
OSSb) 7 16190 
056h) 8 18180 
(157b) 10 17760 
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2.4.2 Thermal Analysis 
Using a Polymer Laboratories DMT A the Tg's of the copolymers 050> 
- OS 7) were investigated and the results obtained are listed in Table 
2.9. In line with previous observations the copolymers exhibit an 
increase in Tg corresponding to the increase in molar mass and show 
the general trend of a lowering in the Tg with the increased flexibility 
in the polymer chain, A plot of the Tg against the number of 
methylene units in the repeat units (n) is illustrated by Figure 2.10 and 
demonstrates the dependence of Tg on the 'odd - even' alternation of 
n. 
Table 2.9 - Glass Transition Temperatures of the Copolymers 050> -
(57) 
Copolymer n TgA 
Tgb 
°C °C 
050> 2 40 59 
(51) 3 30 45 
(52) 4 26 46 
(53) 5 22 34 
(54) 6 19 38 
(55) 7 27 30 
(56) 8 21 32 
(57) 10 23 27 
A solution polycondensation 
b solution followed by thermal polycondensation 
DSC and optical microscopy were again used to scan polymer samples 
for evidence of crystallinity and the presence of any mesophases found 
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on melting, under the same conditions as described in Section 2.2.2 for 
the previous copolymer series. However, evidence of crystallinity or 
mesophasic behaviour was not observed for any of the copolymers 
(150b) - OS 7b). 
Copolymer <154b), which had been synthesised by solution 
polycondensation followed by thermal polycondensation, was analysed 
further by X-ray crystallography, the results of which indicated that 
the copolymer sample was amorphous. 
Figure 2.10 - Glass Transition Temperatures of Copolymers <150b) -
U57b) 
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2.5 Variation in Glass Transition Temperature Within Homologous 
Series Of Linear Polymers 
There has been interest in the effect on Tg with the changing chemical 
structure in a homologous series of polymers.129 If we consider the 
steriod diol - dicarboxylic acid polyesters produced in this work. as the 
value of n increases. the proportion of methylene groups in the 
polymer increases and the composition of the polymer tends towards 
that of polymethylene. The homologous series may be considered 
therefore. as a range of copolymers of the first member of each series 
and polymethylene. 
However. when investigating the effect of changes in the structure of 
a polymer series. it is important to restrict comparisons to samples of 
sufficient molar mass where further increases have a negligible effect 
on the Tg. The molar masses which were achieved for the thermally 
polycondensed copolymers (l05b) - (l15b), (l32b) - (l42b) and (l50b) 
- (157b) were all in the region of 10.000 or greater which. in a study 
of poly(diethylene adipate) was found to be the molar mass where the 
maximum variation in Tg was less than 2°c.120 However, such a 
relationship was not investigated for the copolymers (105b) - (115b). 
(132b) - (142b) and 050b) - o 57b). 
In Figures 2.11 - 2.13 the Tg's of the polyesters (l06b) - (115b). 
(133b) - (142b) and <151 b) - (157b) are plotted against the weight 
fraction of polymethylene. the polyesters being treated as copolymers 
of the first member of the series and polymethylene. The increasing 
weight fraction of polymethylene compared to the Tg for each 
copolymer series is shown in Tables 2.10 - 2.12. A linear regression 
has been calculated for these values in order to compensate for the 
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Figure 2.11 - Glass Transition Temperatures of Polyesters (106b) -
015b) versus Weight Fraction of PolymethyJene (l",-48.25°Cl 
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Figure 2.12 - Glass Transition Temperatures of Polyesters (133b) -
(142b) versus Weight Fraction of Polymethylene (1=-60.37°Cl 
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Figure 2.13 - Glass Transition Temperatures of Polyesters (151 b) -
(157b) versus Weight Fraction of Polymethylene (J~-66.3°C) 
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Table 2.1 0 - Glass Transition Temperatures of Polyesters (106b) -
(115b) and Weight Fraction of Polymethylene 
Copolymer Weight Fraction TgOC 
(I06b) 0.0889 43 
(107b) 0.1152 46 
(108b) 0.1400 28 
(I09b) 0.1634 30 
(I lOb) 0.1856 21 
(Ill b) 0.2066 28 
<112b) 0.2266 27 
(1l3b) 0.2456 26 
<114b) 0.2637 23 
(l15b) 0.2809 26 
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Table 2.11 - Glass Transition Temperatures of Polyesters 033b) -
U42b) and Weight Fraction of Polymethylene 
Copolymer Weight Fraction TgoC 
U33b) 0.0889 44 
U34b) 0.1152 45 
U35 b) 0.1400 40 
U36b) 0.1634 43 
U37b) 0.1856 25 
U38b) 0.2066 33 
U39b) 0.2266 28 
<140b) 0.2456 31 
<141 b) 0.2637 23 
<142b) 0.2809 25 
Table 2.12 - Glass Transition Temperatures of Polyesters 051 b) -
(157b) and Weight Fraction Copolymer Composition 
Copolymer Weight Fraction TgOC 
051 b) 0.0894 45 
052b) 0.1157 46 
053b) 0.1406 34 
U54b) 0.1641 38 
U55 b) 0.1863 30 
U56b) 0.2074 32 
U57b) 0.2465 27 
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difference between the 'odd - even' polyesters and is displayed 
graphically. Extrapolation of the regression line corresponds to a Tg 
value of between -48°C and -66°C for pure polymethylene, taken as 
the intercept where the weight fraction of polymethylene reaches 
100%. 
The relationship of Tg to copolymer composition by this method has 
been investigated for a number of homologous polymer series. If the 
extrapolated value of Tg is due to polymethylene chains, then any 
homologous series of polymers in which the proportion of methylene 
groups is increasing should extrapolate to the same temperature. The 
examples shown in Figure 2.14 are the Tg values for the 
poly(n-alkylmethacrylates),130 poly(p-alkylstyrenes),131 poly(glycol 
adipates)f20 and the diethylene glycol-dicarboxylic acid polyesters,f2o 
where in each case the members of a series are treated as copolymers 
of the first member of the series with polymethylene. For each 
homologous series the calculated best straight line extrapolates to 
approximately the same temperature of -165°C. This result supports 
evidence that the partial transition temperature change contributed by 
the addition of a specific group remains the same whether the group 
is placed in the main polymer chain or in a side chain,130 as the 
polyesters are 'block' copolymers of the first member of the series with 
polymethylene, whereas the styrenes and methacrylates are 'graft' 
copolymers, with the methylene groups being added to the side chains. 
In addition to the examples in Figure 2.14 similar values result for 
poly(n-alkyl acrylates)f29 and poly(glycol orthophthalates).f2o However, 
another group of polymers, containing homologous series based on an 
increasing proportion of methylene groups, extrapolates instead to a 
value of approximately -105°C. Figure 2.15 shows the Tg values for 
poly(glycol isophthalates),120 poly(2-alkyl acrylates),132 poly(2-methyl-
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I-alkyl acrylates>l32 and poly(2-alkyl-buta-l,3-dienes>,133 again 
including examples of 'block' and 'graft' copolymers. 
Figure 2.14 - Glass Transition Temperatures of Four Homologous 
Series of Polymers Treated as Copolymers of the First Member of the 
Series and Polymethylene: (a) poly(n-alkyl methacrylates>;13o (b) 
poly(p-alkylstyrenes);131 (c) diethylene-dicarboxylic acid polyesters;120 (d) 
poly(glycol adipates120 
0-2 O-L, 0-0 o-s 
Weight Fraction of Polymethylene 
t::. = (a) 
o = (b) 
x = (c) 
o = (d) 
Although the partial transition temperature contribution brought about 
by the addition of one methylene unit remains constant in anyone 
homologous series, the environment of the group may play an 
important role in the actual contribution thus accounting for the 
- differences exhibited in Figures 2.14 and 2.15. However, this is 
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Figure 2.15 - Glass Transition Temperatures of Members of Five 
Homologous Series Treated as Copolymers of the First Members of the 
Series and Polymethylene: (a)poly(glycol isophthalates;12o (b) poly(2-alkyl 
acrylates);132 (cl poly(2-methyl-l-alkyl acrylates);132 (d) poly(2-alkyl-
buta-I,3-dienes)133 
80. 
40 • 
TgOC 0 
..---'::::::--,,-
-40 ''-, 
0-2 0-4 0-6 0-8 
Weight Fraction of Polymethylene 
o = (a) 
II = (b) 
o = (cl 
II = (d) 
unclear as the transition temperatures of the glycol orthophthalate 
polymers extrapolate to -165°C, wheras the glycol isophthalate 
polymers extrapolate to -105°C. 
The extrapolation of the graph of Tg versus the weight fraction of 
polymethylene for the polyesters (105b) - U15b), <132b) - 042b) and 
(lSOb) - OS7b) to a value of between -45°C and -66°C may in part 
be explained by the difference in the environments of the additional 
polymethylene units in these polyesters compared to the other polymer 
examples given. The composition of these polyesters is dominated by 
the steroid moiety and the addition of methylene units represents an 
almost negligible composition difference for the lower polymers in the 
homologous series. In addition, the variation in Tg with changes in the 
molar mass of polymer samples may also account for the observed 
differences. A study in order to ensure that the molar mass of these 
samples had reached the point where further increases have a negligible 
effect on Tg would need to be completed. 
2.6 Synthesis of a mixed Biphenyl - Steroid Polymer Series 
A series of polymers composed of biphenyl and steroidal moieties was 
synthesised in order to investigate the effect of alternating steroid 
groups with other mesogenic groups which are known to exhibit 
mesophasic behaviour in main chain polymers, provided sufficient 
flexibility exists along the polymer backbone. A number of mesophasic 
polymers containing more than one mesogen are known.53,100 Synthesis 
of a mixed biphenyl - steroid polymer would indicate if the presence 
of a steroidal mesogen in the main chain would be sufficient to 
interfere with the mesophasic behaviour in a polymer which would 
normally exhibit a mesophase (mesophasic biphenyl copolymers with 
the spacers OC.O(CH2>nO.CO where n=5 to 12 are shown in Table 
1.21). 
Solution polycondensationl16 was used to couple 3-(2-hydroxyethyI>-
5B-cholan-24-01 (04) with 4,4'-biphenyl dioyl chloride (58) and 
also 3-(2-hydroxyethyI>-5cx -cholan-24-01 031> with the diacid 
chloride (58) to produce polymers with the repeat unit: 
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2.6.1 Chromatographic Analysis 
The copolymers 059") and 060") were determined using high 
performance gel permeation chromatography with a Knauer 64 solvent 
delivery pump and differential refractometer, with a Polymer 
Laboratories PLgel SOOA, Sllm, 60cm x 7.Smm ID column. Copolymers 
<159") - <160") both produced a chromatogram similar to that shown 
in Figure 2.16. 
Prior calibration with a range of polystyrene standards has shown that 
the behaviour of the steroid diol monomers (04) and 031> on this 
chromatographic system was such that it was once again necessary to 
employ a conversion factor, as described in Section 2.2.1. Consequently, 
reported values of molar mass for each copolymer sample are scaled 
down accordingly. However, no account has been taken of the 
difference in the behaviour of the biphenyl moiety compared to that 
of the steriod moiety of the copolymer. The values quoted are a guide 
to the molar mass of the sample rather than an accurate determination. 
As described previously (Section 2.2) portions of the polymer samples 
which had been produced by solution polycondensation were 
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Figure 2.16 - Chromatogram of Copolymer <159") 
<I410) (1200) 
t t 
(2410) 
t 
(I 001l I, 0.2%) 
PLgel 500A, 511m 
60cm x 1.5mm ID 
Eluent: THF 
Flow: Iml min-1 
Detector: RI 
I , I i I i i i 
II 12 13 14 15 16 17 18 minutes 
• solution polycondensation 
subsequently subjected to thermal polycondensation (230°C for 48 
hours) in order to further polymerise some of the oligomer species 
present and increase the samples' overall molar mass. Prior to thermal 
polycondensation the copolymers had been stored at ambient 
temperature for 48 hours. Characterisation of these copolymers was 
carried out alongside the polymer samples from which they were 
produced. The chromatographic system used in this case was as 
described earlier with a PLge! mixed gel, 101lm. 60cm x 1.5mm ID .. 
column and Figure 2.11 shows a typical molar mass which is obtained· 
after thermal polycondensation. 
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Figure 2.17 - Chromatogram of Copolymer (15 9b ) 
I I I lit , I 
(J OO~ I, 0.2%) 
PLge1 500A, 5~ m 
60cm x 7.5mm ID 
Eluent: THF 
Flow; Iml min-1 
Detector: RI 
8 9 10 11 12 13 14 15 minutes 
b solution followed by thermal polyconctensation 
Details of the molar mass achieved for the copolymers (159) and (160) 
can be found in Tables 2.13 and 2.14. 
Table 2.13 - Molar Mass of Copolymers <159') and (160") Synthesised 
by Solution Polycondensation 
Copolymer R Molar Mass of Oligomers 
<15 g") R=-H 2410, 1790, 1410, 1200, 1010 
<160") R=--H 2390, 2180, 1586, 1190 
Table 2.14 - Molar Mass of Copolymers <15 gb) and (160b) Synthesised 
by Solution followed by Thermal Polycondensation 
Copolymer R Molar Mass of Oligomers 
05 gb) R=-H 11950 
<160b) R=--H 11950 
98 
I 
I 
2.6.2 Thermal Analysis 
Polymer Laboratories DMT A was used in order to determine the Tg's 
of the copolymers OS 9) and 060> and the values obtained are listed 
in Table 2.15. As may be expected the polymers show slightly higher 
values of Tg than the values obtained in the previous series. probably 
reflecting the decreased flexibility in the polymer chain. In addition. a 
substantial increase in the Tg is observed on raising the molar mass. 
Table 2.15 - Tg's of the Copolymers (59) and 060> 
Copolymer R Tg8 Tgb 
°C °C 
(59) R=-H 62 78 
060> R=--H 60 79 
a solution polycondensation 
b solution followed by thermal polycondensation 
DSC and optical microscopy were again used. as previously described. 
to scan polymer samples for evidence of crystallinity and any 
mesophases formed on melting. It became apparent that further 
manipulation of samples was unlikely to induce crystalline regions to 
form and time did not permit the extension of this area of work to 
investigate the inclusion of regions of greater flexibility within the 
polymer backbone. 
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2.7 Summary Discussion . 
The incorporation of steroid diol monomers (04), (31) and (49) 
into the copolymers (05) - (15), (32) - (42), 050> - (157), 
(159) and 060> which have been synthesised in this work has clearly 
not been achieved in such a way as to allow the steroidal mesogenic 
units to mimic the behaviour typical of many mesogens within main 
chain thermotropic polymers. The synthetic chemistry performed 
however, on route to suitable monomers has included the production 
of many novel steroid derivatives which have been fully characterised. 
There are a number of factors which could be attributed to the 
amorphous nature of these steroidal copolymers. 
A key element which may have a significant effect on the overall 
planarity of the steroid monomers (04), (131) and (49) and therefore 
on the ability of the polymer chains to line up and exhibit mesophasic 
behaviour, is the effect of the stereochemistry at C-3. Although the 
monomer used in each case consisted of a majority of one stereoisomer, 
the trace of the other stereoisomer may be sufficient to disrupt the 
ordering of the polymer chains. In order to investigate this it would be 
worthwhile to repeat the synthesis of the copolymers (05) - (115), 
(132) - (42), (150) - (157), (159) and 060> using the steroid 
monomers U 04), (31) and (49), having designed a stereospecific 
synthesis or following effective .separation of the two stereoisomers. 
Thus the true effect of incorporating a single steroid moiety into the 
polymer chain would be observed. 
It has also been shown that the randomness of the mesogenic group 
orientation in the main chain can be very important in determining 
mesophase formation and properties. 67 The incorporation of the 
steroidal mesogens (04), (31) and (49) into polymer main chains in 
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this manner, allows the incorporation of this unsymmetrical mesogen 
to occur with each unit either adding to the copolymer in a head to 
head, a tail to tailor a head to tail fashion. As such we expect a 
copolymer with random orientations of the mesogenic group along the 
polymer backbone. In previous studies on polymers with ordered 
chemical sequences, created by exactly alternating head to tail 
arrangements of mesogenic units, compared to their random 
isomers67,95-97 the ordered polymer either did not form a mesophase or 
the mesophase occurred over a very narrow range. However, these 
studies have been based on essentially planar mesogenic units comprised 
of aromatic rings. The effect of the random orientation of a less 
planar mesogenic unit in the polymer backbone, such as the steroid 
moieties (104), (131) and (49), may have a significantly different 
effect on the ability of the polymer chains to line up and exhibit 
evidence of an ordered structure. 
In considering the factors which may be responsible for the amorphous 
behaviour which exists in the copolymers (105) - (15), (32) - (142), 
(150) - (57), (159) and (160) produced in this study, opportunities 
arise where a slight modification of the approach to the production of 
main chain steroidal polymers may result in further interesting 
observations. In addition to consideration of the stereochemistry of the 
steroid monomer and the orientation of the steroid moiety within the 
polymer chain, the use of other spacers and varying the ratio of two 
spacers of different lengths in the same copolymer with one mesogenic 
moiety may provide a route to main chain steroidal polymers exhibiting 
mesophasic behaviour. 
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CHAPTER THREE 
Experimental 
The practical work presented in this thesis was carried out in the 
Department of Chemistry, University of Technology, Loughborough 
between October 1985 and December 1988. 
3.1 Materials and Equipment 
3.1.1 Reagents 
The monomer precursors 30<-hydroxy-5a-cholan-24-oic acid (94), 
30< ,60< -dihydroxy-5a -cholan-24-oic acid 020, 1,9-nonane-
dicarboxylic acid, 1,1O-decanedicarboxylic acid, l,ll-undecane-
dicarboxylic acid, 1,12-dodecanedicarboxylic acid were obtained from 
Aldrich Chemical Company GilIingham. Dorset and were used without 
further purification. The monomers succinyl chloride. glutaryl chloride, 
adipoyl chloride, pimeloyl chloride. suberoyl chloride. azelaoyl chloride. 
sebacoyl chloride and 1,1O-decanediacidchloride were obtained from 
Aldrich Chemical Company. GilIingham, Dorset and redistilled proir to 
use. 
The solvents tetrahydrofuran, toluene and dichloromethane (all HPLC 
grade) were supplied by Fisons Scientific Equipment, Loughborough, 
Leicestershire. 
3.1.2 Spectroscopic Instrumentation 
The nuclear magnetic resonance (nmr) spectra were recorded using a 
Varian EM360A 60MHz lH nmr, a Perkin-Elmer R32 90MHz lH nmr 
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and a Bruker 250MHz 13C nmr. In all cases tetramethylsilane ITMS) 
was used as an internal standard. All spectral chemical shifts are 
quoted in 0 units (ppm). The following abbreviations are utilised in the 
lH nmr spectral interpretations: s - singlet, d - doublet, t - triplet. m 
- multiplet. 
Infra-red (ir) spectra were recorded either as nujo! mulls. in solution 
or as neat films, using a Perkin-Elmer 177 spectrometer (calibrating 
with a polystyrene reference film) or a Pye Unicam 9516 spectrometer 
linked to an IBM personal computer XT. 
Accurate mass spectrometry measurements were carried out using a 
Kratos MS80 spectrometer linked to a DS-55 data system. Both the 
measured and required masses are quoted together with the intensity 
of the measured peak. 
3.1.3 Elemental Analyses 
These were performed initially by the microanalytical department of 
Manchester University. and later by Medac Ltd .• Brunei University. 
3.1.4 Melting points 
Melting points were recorded using a Kofler hot stage apparatus and 
uncorrected. 
3.1.5 Chromatography 
Preparative and analytical thin layer chromatography (tic) were 
performed using either Merck silica gel 60 PF254+366 (70-230 mesh) 
103 
or alumina gel 60 PF254 (Type El. Flash chromatography was carried 
out using Merck silica gel (230-400 mesh). 
Polymer Laboratories, Church Stretton. Shropshire provided high 
performance gel permeation chromatography columns (30cm and 
60cm x 7.5mm ID) containing the following packings: PLgel 5~m. 50A; 
PLgel 5~m. 100A; PLgel 5~m. 500A; PLgel lOum. mixed gel. 
3.1.6 Gel Permeation Chromatography Standards 
A range of polystyrene standards (molar mass 580 - 2.1 x 106 ) were 
supplied by Polymer Laboratories. Church Stretton. Shropshire. 
3.1.7 Chromatographic Instrumentation 
The Polymer Laboratories PLgel columns were used with a Knauer 64 
solvent delivery pump connected to a Knauer differential refractometer 
and a Pye Unicam PU 4025 UV detector. 
The instrument was fitted with a Rheodyne 7125 injection valve. 
having a 100u I or 200111 loop and used with zero dead volume 
connectors and narrow bore (0.15 mm) stainless steel tubing. 
3.1.8 Dynamic Mechanical Thermal Analysis <DMTA> 
The measurement of polymer glass transition temperatures (Tg) was 
achieved using DMT A equipment supplied by Polymer Laboratories. 
Loughborough. Leicestershire. in series with a Stanton Redcroft 
temperature controller. 
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3.1.9 Differential Scanning Calorimetry (DSC) 
DSC was performed using a Perkin-Elmer DSC-4, programmed using 
a Perkin Elmer System 4 Microprocessor Controller and fitted with a 
liquid nitrigen subambient accessory. 
3.1.10 Optical Rotation 
Optical rotations were measured at ambient temperature using an 
AA-IO polarimeter. 
3.1.11 X-ray Crystallography 
Copoymer samples 036b) and (1S4b) were analysed by Dr D.S. 
Brown, Loughborough University of Technology. 
3.2 Monomer Synthesis 
3.2.1 Preparation of 30t -hydroxy-Ss -choIan-24-oI (95) 
A solution of 3Ot-hydroxy-5B-cholan-24-oic acid (94)(1.882g, 5mmoD 
in dry tetrahydrofuran (25mD was added dropwise with stirring under 
nitrogen to an ice/methanol cooled suspension of lithium aluminium 
hydride (0.095g, 2.5mmoD in tetrahydrofuran (25mD. After the 
addition was complete the reaction mixture was stirred for 24 hours 
at ambient temperature under nitrogen, after which time the remaining 
reagent was decomposed by adding ethyl acetate (50mD to the 
ice/methanol cooled suspension, until effervescence ceased, followed by 
water (20mD and 2M HCI (20m!). The reaction mixture was then 
poured onto ice and extracted into ethyl acetate, washed with 2M HO, 
saturated NaHC03 (aq) and water, dried <MgS04) and the solvent 
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evaporated in vacuo to afford a white solid. Recrystallisation from 
methanol/water gave pure 3cx-hydroxy-5a -cholan-24-o1 (95) 
0.542g, 89%}: mp 176°C (lit192 176-177°Q; ir (nujol mull) 3520-3040 
(Q-H> cm-I; lH nmr (60MHz. CDCI3) 6 0.70 OH, s, 18-CHs}' 0.90 OH, 
s, 19-CHs}' 0.95 (3H, d, 21-CHs)' 3.13 (2H. t, ~~ CH,a)' 3.61 
OH, s [broad]. 3-H> ppm. 
3.2.2 Preparation of methyl 3cx -hydroxy-Sa -cholan-24-oate (98) 
Diazomethane was prepared by adding N-nitroso-methyl urea 
(5.0g,48.5mmoD in an ice/salt cooled suspension of 50% aq. potassium 
hydroxide 02mD and diethyl ether (50mD. The diazomethane in ether 
solution was pipetted from the top layer, dried over potassium 
hydroxide pellets for 2 hours and used directly. 
The diazomethane solution was added dropwise with stirring to an 
ice/salt cooled solution of 3cx-hydroxy-SB-cholan-24-oic acid (94) 
(} 0.1 08g, 26.9mmoD in tetrahydrofuran (50mD, until a permanent 
yellow colour remained. Evaporation of the reaction mixture in 
vacuo gave a foam, which upon recrystallisation from methanol/water 
gave pure methyl 3cx -hydroxy-Sa -cholan-24-oate (98) (9.998g, 
95%): mp l28-l29°C (lit137 l28-129°Q; ir (nujol mull) 3540-3080 
(O-H>, 1735 (C",O) cm-l; lH nmr (60MHz, CDC13) ~ 0.70 (3H, s, 
l8-CHs), 0.90 (6H, s, 19 & 2l-CHs)' 3.66 OH, S, 24-OCHs) ppm. 
3.2.3 Preparation of methyl 3-keto-5a -cholan-24-oate (99) 
Chromium trioxide (3.0g, 30mmoD was added in small portions to an 
ice cooled, stirred solution of pyridine (4.7 45g, 60mmoD in dry 
dichloromethane (150mD. This solution was stoppered with a drying 
tube and stirred for 15 minutes at ambient temperature.ll7 A solution 
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of methyl 3cx-hydroxy-59-cholan-24-oate (98) (I.950g, 5mmoll in a 
small amount of dichloromethane was then added in one portion. 
After 2 hours stirring at ambient temperature the reaction mixture 
was evaporated to dryness in vacuo and the residue taken up in 
ether. The solution was filtered to remove any insoluble chromium 
salts, washed with 2M Ha, saturated NaHC03 (aq) and water, dried 
(MgS04) and the solvent evaporated in vacuo to afford a white 
powder. Recrystallisation from acetone/water gave pure 
methyl 3-keto-59 -cholan-24-oate (99) 0.642g, 84%): mp 1I 8°C 
(lit 138 1I 9-120°0; ir (nujol mull) 1735 (C=O) cm-I; lH nmr (90MHz, 
CD03) IS 0.76 (3H, s, 18-CH3), 0.96 (6H, s, 19 & 21-CH3), 3.66 OH, s, 
24-0CH3) ppm. 
3.2.4 Preparation of methyl 3-(methylenecarbomethoxy)-
59 -cholan-24-oate (lOll 
To a suspension of sodium methoxide <3.1 63g, 58.6mmoll [prepared by 
dissolving activated sodium O.347g, 58.6mmoll in methanol at OoC and 
evaporating to dryness in vacuo] in dry dimethyl formamide (25mll 
was added dropwise with stirring at OoC, trimethyl phosphonoacetate 
(l0.662g, 58.6mmoll. This yellow solution was stirred at ambient 
temperature for I hour. Methyl 3-keto-59 -cholan-24-oate (99) 
(4.546g, 11.7mmoll in dry dimethylformamide (25mll was added to the 
above solution at O°e. The reaction mixture was then stirred at 
ambient temperature for 20 hours. The resulting solution was 
evaporated in vacuo to ca. 15ml, poured onto I litre of ice/water 
and extracted into ether. The ether layer was washed with 2M Ha 
and water, dried (MgS04) and evaporated to dryness in vacuo to leave 
a yellow oil. Purification by flash chromatography, eluting with 
petroleum ether/dichloromethane 0:1) gave methyl 3-<methylene-
carbomethoxy)-59-cholan-24-oate (tOll (3.376g, 65%) as a white 
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foam which would not crystallise to further purity: [alp +46.6° (c 0.9, 
CHC13 ); ir (film) 1735 (C",O), 1645 (C"'C) cm-I; lH nmr (60MHz; CDC13) 
IS 0.76 OH, s, l8-CH3), 0.95 (6H, s, 19 & 21-CH3 ), 3.69 (6H, s, methyl 
ester protons), 5.73 OH, s, olefinic proton) ppm; Accurate Mass [Found: 
mlz 444.3233 (M+., 23.34%), C2sH4404 requires W' 444.3231 
3.2.5 Preparation of methyl,3.(methoxyca'bonYlmethYI). 5s -cholan-24-
oate (103) 
A suspension of platinum oxide (O.l69g, 0.7 44mmoD in ethyl acetate 
(50m!) was pre-reduced by stirring for 1 hour in an atmosphere of 
hydrogen, at atmospheric pressure and ambient temperature. A solution 
of methyl 3-<methylenecarbomethoxy)-5s -cholan-24-oate (101) 
(3.376g, 7.6Ommo!) in ethyl acetate was introduced to the pre-reduced 
catalyst via a pressure equalising dropping funnel. After stirring for 4 
hours the hydrogen uptake had ceased. The reaction mixture was 
filtered through celite and the ethyl acetate removed in vacuo. 
Recrystallisation from acetone/methanol gave pure methyl 3.(m.thoxyc.,b~ 
'Ony,methyl)·Ss-cholan-24-oate (03) (3.220g, 95%): mp 87-88°C; 
, J 
[a]D +51.2° (C1.0, CHCI); ir (CHCI3 solution> 1739 (C=O) cm-I; lH nmr 
(90MHz; CDCI3 ) IS 0.63 (3H, s, 18-CH3), 0.93 (6H, s, 19 & 21-CH3), 
3.63 (6H, s, O-CH3's) ppm; Accurate Mass [Found: m/z 446.340 (M\ 
29.15%), C2sH4S04 requires M+' 446.339]; Elemental Analysis [Found: 
C, 75.3; H, 10.7%; C2sH4604 requires C, 75.3; H, 10.4%1 
3.2.6 Preparation of 3-(2-hydroxyethyl)-Ss -cholan-24-o1 (04) 
The diester (03) (2. 982g, 6.68mmoD in dry tetrahydrofuran (25mIl 
was addeddropwise with stirring under nitrogen to an ice/methanol 
cooled suspension of lithium aluminium hydride (0.254g, 6.68mmoD in 
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dry tetrahydrofuran (25mD. The reaction mixture was stirred for 12 
hours at ambient temperature, after which time ethyl acetate (50mD 
was added dropwise to the ice/methanol cooled reaction mixture, until 
effervescence ceased, followed by water (25mD and 2M HCI (25mD. 
The resulting mixture was then poured onto ice and extracted into 
ethyl acetate, washed with saturated NaHC03 (aq) and water, dried 
<MgS04) and evaporated in vacuo to leave a white powder, which 
was recrystallised from ethyl acetate to afford pure 
3-(2-hydroxyethyD-5a -cholan-24-o1 (04) (2.425g, 93%): mp 
145-146°C; [0:]0 +32.5° (cO.9, CHCI3); ir (nujol mull) 3350 (OH> cm-I; 
lH nmr (90MHz; CDCl3), 6 0.63 (3H, s, 18-CH3t 0.93 (6H, s, 19 & 
21-CH3), 3.60 (2H, t, side chain CH2's), 3.67 (2H, t, side chain CH2's) 
ppm; Accurate Mass [Found: m/z 390.3521 <M+., 44.33%), C26H4602 
requires M+· 390.3491 Elemental Analysis [Found: C, 79.6; H, 11.9%; 
C26H4602 requires C, 79.9; H, 11.9%1 
3.2.7 Preparation of methyl 30: ,60: -dihydroxy-5s -cholan-24-oate 
(122) 
A solution of diazomethane in diethyl ether was added dropwise with 
stirring to an ice/salt cooled solution of 30: ,60: -dihydroxy-
5a -cholan-24-oic acid (21) (6.0g, 15.3mmoD in tetrahydrofuran, 
until a permanent yellow colour remained. Evaporation of the reaction 
mixture in vacuo afforded the methyl ester, a colourless oil which 
crystallised on standing. Recrystallisation from ethyl acetate gave pure 
methyl 30:,60:-dihydroxy-5a-cholan-24-oate (22) (5.717g, 92%): 
mp 119°C <lit139 120°0; ir (CHCl3 solution) 3460 (broad O-H), 1735 
(C=O) cm-I; lH nmr (60MHz, CDCl3) & 0.66 (3H, s, 18-CH3), 0.93 (6H, 
s, 19 & 21 CH3), 3.66 (3H, s, 24-0-CH3), 3.70 UH, s [broad], 3-H>, 
4.15 UH, s, 6-H> ppm. 
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3.2.8 Preparation of methyl 3cx.6cx -ditosylate-5B -cholan-24-oate 
(123) 
A solution of methyl 3cx .6cx -dihydroxy-5a -cholan-24-oate (122) 
(S.SOg, 13.6mmoD and p-toluene sulphonyl chloride (6.50g, 34mmoD 
in dry pyridine (t Om!) was stirred at ambient temperature for 48 
hours. Subsequently the mixture was cooled and excess reagent 
decomposed on adding ice solution. before pouring onto ice cold 2M 
HCl (250mD. This mixture was stirred for half an hour and the 
precipitate was filtered. washed with 2M HCl and water and dried in 
vacuo to afford a white powder. Recrystallisation from ethyl acetate 
\::i'5\.. 'i(lv~\ p~1 Jso'e\"o""Jllo~J 
gave pure methyl 3cx.6cx -ditesylate-5B -cholan-24-oate (23) (7.923g, 
86%); mp 166°C (lit'25 165-167°0; ir (nujol mull) 1730 (C=O). 1596 
(aromatic CH's) cm-'; 'H nmr (60MHz, CDCl3) 6 0.60 OH, s, l8-CH3), 
0.80 (3H, 50 19-CH3), 0.90 OH, d, 21-CH3)' 2.50 (6H. 50 aromatic-CH3), 
3.66 (3H, s, 24-0-CH3)' 7.50 (8H, m, aromatic protons) ppm. 
3.2.9 Preparation of 3B-hydroxychol-5-en-24-oic acid (25) 
A solution of potassium acetate (7.325g, 74.8mmoD in dimethyl 
formamide (40mll and water (3.5mll was heated to lOO-105°C, before 
the addition of the ditosylate (23) (5.097g.7.l4mmoll. and the solution 
was kept at this temperature for 5 hours. After cooling to ambient 
temperature the solution was poured onto 2M HCl and the resulting 
precipitate filtered and washed with water. The wet solid was 
saponified by refluxing with 4% methanolic potassium hydroxide for 
two 2 hours. After cooling to ambient temperature this solution was 
poured onto 2M He] and the resulting precipitate was filtered, washed 
with water and dried in vacuo. Recrystallisation from acetic acid 
afforded pure 3B-hydroxychol-5-en-24-oic acid (125) (t.816g, 
65%); mp 229°C (lit'25 230-233°0; ir (nujol mull) 3416 (O-H). 1706 
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(broad C=O, C=O cm-I; lH nmr (60MHz, CDC1a) <5 0.66 OH, s, 18-CHa), 
0.96 (6H, s, 19 & 21- CHa's), 3.35 OH, s [broad], 3-H>, 5.3 OH, s 
[broad], 6-H> ppm. 
3.2.10 Preparation of methyl 38 -hydroxychol-5-en-24-oate (126) 
A solution of diazomethane in diethyl ether was added dropwise with 
stirring to an ice/salt cooled solution of 38 -hydroxychol-5-en-24-oic 
acid (25) 0.524g, 4.1mmoJ) in tetrahydrofuran until a permanent 
yellow colour remained. Evaporation of the reaction mixture in 
vacuo afforded a white solid. which upon recrystallisation from 
methanoVwater gave pure methyl 38-hydroxychol-5-en-24-oate 
(126) 0.502g, 94%): mp 144°C (lit1a7 143-144°0; ir (nujol mull) 3484 
(broad O-H>, 1712 (broad C=O, C=O cm-I; lH nmr (60MHz, CDC1a) <5 
0.66 OH, s, l8-CHa), 1.0 (6H, s, 19 & 2l-CHa), 3.66 OH, s, 24-0-CHa)' 
5.33 OH, s [broad], 6-H) ppm. 
3.2.11 Preparation of methyl 3s -hydroxy-5ex -cholan-24-oate 
(27) 
A suspension of platinum oxide (0.073g, 0.322mmoJ) in ethyl 
acetate/acetic acid 0:1) (50m1l was pre-reduced by stirring in an 
atmosphere of hydrogen, at atmospheric pressure and ambient 
temperature for 4 hours. until the hydrogen uptake had ceased. A 
solution of methyl 3s -hydroxychol-5-en-24-oate (26) (I.454g, 
3.75mmo1l in ethyl acetate/acetic acid 0:0 (50mD was introduced to 
the pre-reduced catalyst via a pressure equalising dropping funnel. 
After stirring vigorously for 4 hours the hydrogen uptake had ceased. 
The reaction mixture was filtered through celite and the solvent 
evaporated in vacuo and the residue was dissolved in ethyl acetate, 
washed with saturated NaHCOa (aq) solution and water, dried (MgS04) 
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and the solvent removed in vacuo to yield a colourless oil. 
Recrystallisation from ethyl acetate gave pure methyl 3s-
hydroxy-Sa -cholan-24-oate (27) 0.389g. 95%): mp 1160C (1jt140 
116°0; ir (nujol mull) 3464 (broad O-H). 1730 (C=O) cm-I; 'H nmr 
(60MHz. CDCla) <5 0.66 OH. s. 18-CHa). 0.80 (3H. s, 19-CHa). 0.93 
(3H. d, 21-CH3). 3.66 OH. s, 24-0CHa) ppm. 
3.2.12 Preparation of methyl 3-keto-5cx-cholan-24-oate (28) 
Methyl 3s -hydroxy-Sa -cholan-24-oate (27) (2.419g. 6.2mmoD was 
treated with Collins' reagent as described for 3.2.3 to afford, after 
work up, an oily solid. Purification by flash chromatography, eluting 
with dichloromethane/ethyl acetate (9:1) afforded a white solid which 
on recrystallisation from methanol gave pure methyl 3-
keto-Sa -cholan-24-oate (128) (2.103g, 87%): mp 113°C (Jit141 113°0; 
ir (nujol mul!) 1735 (ester C=O), 1714 (keto C=O) cm-I; lH nmr (60MHz. 
CDC13 ) <5 0.66 OH, s, 18-CH3), 0.90 OH, d, 21-CH3 ), 1.0 (3H, s, 
19-CH3), 3.66 (3H, s, 24-0CH3) ppm. 
3.2.13 Preparation of methyl 3-(methoxycarbonylmethylene)-
Sa -cholan-24-oate (29) 
Methyl 3-keto-5a-cholan-24-oate (28) (2.040g, 5.26mmoD was 
treated with trimethyl phosphonoacetate (4.785g, 26.29mmoll and 
sodium methoxide 0.420g, 26.29mmoD in dimethylformamide described 
for 3.2.4 to afford after work up, a yellow oil. Purification by flash 
chromatography eluting with petroleum ether/ethyl acetate (9:1) gave 
methyl 3-(methoxycarbonylmethylene)-Sa -cholan-24-oate (29) 
0.635g, 70%) as a colourless oil which would not crystallise to further 
purity: [a1o +31.8° (C0.8, CHCI3); ir (film) 1735 (C=O), 1645 (C=O cm-I; 
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lH nmr (90MHz, mC13) 05 0.67 OH, s, 18-CH3). 0.93 OH, s, 19-CH3) 
0.94 (3H, d, 21-CH3), 3.63 (6H, s, methyl ester protons), 5.45 OH, d, 
olefinic proton) ppm; Accurate Mass [Found; m/z 444.3234 (M+., 
21.37%), C2sH4404 requires M+' 444.3231 
3.2.14 Preparation of methyl 3-Cmethylethanoate)-So< -cholan-
24-oate 030> 
Methyl 3-(methoxycarbonylmethylene)-50< -cholan-24-oate C 129) 
O.532g, 3.45mmoD was treated with a suspension of platinum oxide 
(O.078g, 0.345mmoD in ethyl acetate in an atmosphere of hydrogen as 
described for 3.2.5 to afford after work up, a white solid 
Recrystallisation from acetone/methanol gave pure methyl 
3-Cmethylethanoate)-So<-cholan-24-oate <130> 0.462g, 95%): mp 
94-95°C; [0<]0 +51.6° (cI.0, CHC13); ir (nujol mull) 1735 (C=O) cm-I; lH 
mnr (90MHz; CDC13 ) 05 0.64 OH, s, I8-CHs)' 0.74 OH, s, I9-CHs)' 
0.90 (3H, d, 21-CH3) 3.66 (6H, s, methyl ester protons) ppm; Accurate 
Mass [Found, m/z 446.3391 (M+., 86.96%), C2sH4604 requires M+' 
446.3395]; Elemental Analysis [Found: C, 75.3; H, 10.7%; C2sH4604 
requires C, 75.3; H, 10.4%1 
3.2.15 Preparation of 3-C2-hydroxyethyll-So< -cholan-24-o1 <131> 
Methyl 3-(methylethanoate)-50< -cholan-24-oate <130> (1.354g, 
3.02mmoJ) was treated with a suspension of lithium aluminium hydride 
(0.115g, 3.02mmoD in tetrahydrofuran as described for 3.2.4 to afford 
after work up, a white solid Recrystallisation from ethyl acetate gave 
pure 3-C2-hydroxyethyll-Sa -cholan-24-oate <131> 0.084g, 92%): 
mp 129-130°; [0<]0 +59.4° (cI.0); ir (nujol mull) 3330 CO-ID cm-I; lH 
nmr (90MHz, CDCI3) 0.65 (3H, s, 18-CH3), 0.75 (3H, s, 19-CH3), 0.92 
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(3H, d, 21-CH3), 3.60 (4H, m, side chain CH2's) ppm; Accurate Mass 
[Found; m/z 390.3497 (M\ 34.57%), C2sH4S02 requires M+'390.3497J; 
Elemental Analysis [Found: C, 79.7; H, 11.7%; C2sH4S02 requires C, 
79.9; H, 11.9%1 
3.2.16 Preparation of Methyl 3,3-dimethoxy-6a -hydroxy-Sa-
cholan-24-oate (143) 
A solution consisting of 3a,6a-dihydroxy-5a-cholan-24-oicocid(21) 
(9.29g, 23.7mmoI>, pyridine (5.0g), acetone:water <7:3) (200mD and 
n-bromosuccinimide (9.26g, 2.2 mol equiv.) was allowed to stand for 4 
days at ambient temperature. The reaction mixture changed from 
colourless to yellow and to orange successively in colouration. To the 
solution, 10% of aqueous sodium bisulphite was added and following 
extraction into ether, the ether extract was washed well with water 
and evaporated to dryness to afford a colourless oil (9.2g). Esterification 
with methanol (40mD and 10% of methanolic hydrochloric acid (5.0mD 
overnight at ambient temperature, followed by ether extraction gave a 
yellow oil (7.87g) which was chromatographed on alumina, eluting 
with dichloromethane : ethyl acetate 19:1, to afford pure 
methy13,3-dimethoxy-6cx -hydroxy-Sa -cholan-24-oate (143) 
(6.60g, 61%): mp 152-153°C (lit128 150-]52°0; ir(nujo] mull) 3564 
(O-H), 1722 (C=O) cm-1; 1H nmr (60MHz, CDC13) <5 0.73 OH, s, 
18-CH3), 0.95 (6H, s, 19 & 21-CH3), 3.16 (6H, d, J=2Hz, 3-0CH3's), 
3.66 OH, s, 24-0CH3), 4.10 <IH, s (broad]' 6-H> ppm. 
3.2.17 Preparation of methyl ,3-oxo-6cx -hydroxy-Sa -cholan-
24-oate (144) 
A solution of methyl 3,3-dimethoxy-6a -hydroxy-5a -cholan-24-oate 
(143) (6.5Ig, 14.4mmoD in 90% acetic acid (300mD was refluxed for 1 
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hour and then evaporated in vacuo. The residue was dissolved in 
ethyl acetate, washed with saturated NaHC03 (aq) and water, dried 
(MgS04) and the solvent evaporated in vacuo to afford a yellow oil. 
Recrystallisation from petroleum ether gave pure methy13-oxo-
6a -hydroxy-5s -cholan-24-oate (144) (5.83g, 99%): mp 98°C Uit'27 
99-100°0; ir (nujol mull) 3456 (O-ill, 1732 (24-C=O), 1712 (3-C=O) 
cm-'; 'H nmr (60MHz. CDC13) ~ 0.70 (3H, s, 18-CH3), 1.00 (6H, s, 19 
& 21-CH3's), 3.66 (3H, s, 24-0CH3), 4.10 <H, s [broad], 6-ill ppm. 
3.2.18 Preparation of methyl 3-(methoxycarbonylmethylene)-
6a -hydroxy-Ss -cholan-24-oate (145) 
Methyl 3-keto-6a -hydroxy-5s -cholan-24-oate (44) (5.651g, 
13.99mmoIl was treated with trimethyl phosphonoacetate (I 5.27 5g, 
83. 93mmoIl and sodium methoxide (4.532g, 83.93mmoIl in 
dimethylformamide as described for 3.2.4, to afford after work up a 
yellow oil. Dry column chromatography eluting with 
dichloromethane/methanol (I9:1) gave pure methyl 3-(methoxy-
carbonylmethylene)-6a -hydroxy-Ss -cholan-24-oate (45) (5.469, 
85%) as a colourless oil which would not crystallise to further purity: 
[a ~ +48.1 ° (c1.0, CHC13); ir (film) 3512 (O-ill, 1735 (C=O), 1644 (C=O 
cm-'; 'H nmr (60MHz, CDC13) ~ 0.66 (3H, s, 18-CH3), 0.93 (6H, s, 19 
& 21-CH3's), 3.66 (6H, s, methyl ester protons), 4.10 OH, s, 6-Cill, 
5.66 OH, s, C=Cill ppm; Accurate Mass [Pound; m/z 442.3091 
(M+·,33.42), C2sH4405 (-H20) requires M+·442.30821 
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3.2.19 Preparation of methyI3-(methoxycarbonylmethyll-
6cx-hydroxy-5s-cholan-24-oate (46) 
Methyl 3-(methoxycarbonylmethylene)-6cx -hydroxy-5s -cholan-24-
oate (45) (5.353g, 11.64mmoD was treated with platinum oxide 
<O.264g, 1.164mmoD in ethyl acetate, as described for 3.2.5 to afford 
on work up, pure methyl 3-(methoxycarbonylmethyH-6a -hydroxy-
5s-cholan-24-oate (46) (5.013g, 97%) as a colourless oil which 
would not crystallise to further purity: [a]D +52.8° (cLO, CHC13); ir 
(film) 3528 (O-H), 1738 (C=O) cm-I; 'H nmr (60MHz, CDCI3) <'I 0.63 
(3H, So 18-CH3), 0.93 (6H, s, 19 & 21-CH3's), 3.66 (6H, s, methyl ester 
protons), 4.10 OH, s, 6-CH> ppm; Accurate Mass [Found; m/z 444.3238 
(M+24.06), C2sH4S0S (-H20) requires M+·444.32391 
3.2.20 Preparation of methyI3-(methoxycarbonylmethyll-
6cx-tosyl-5s-cholan-24-oate (47) 
Methyl 3-(methoxycarbonylmethyD-6cx -hydroxy-5s -cholan-24-oate 
(46) (5.1 109, I L06mmoD was treated with p-toluenesulphonyl 
chloride (3.169g, 16.59mmoD in dry pyridine as described for 3.2.8 to 
afford on work up a colourless oil. Dry flash column chromatography 
eluting with increased polarity from petroleum ether/dichloromethane 
(1:1) to dichloromethane gave pure methyl 3-(methoxycarbonyl-
methyD-6cx-tosyl-5s-cholan-24-oate (147) (6.132g, 90%) as a 
colourless oil which would not crystallise to further purity: CtxJD +21.7° 
(cO.9, CHCI3); ir (film) 1732 (C=O), 1598 (C=C) cm-I; 'H nmr (60MHz, 
CDC13) <'I 0.63 (3H, s, 18-CH3), 0.86 OH, s, 19-CH3), 0.91 OH, d, 
21-CH3), 2.50 OH, s, aromatic-CH3), 3.66 (6H. s, methyl ester protons) 
7.56 (4H, m, aromatic protons) ppm; Accurate Mass [Found m/z 
444.324 (M+., 39.5%), C3sHs207S (-HS03CsH4CH3) requires M+' 444.3241 
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3.2.21 Preparation of methyl 3-(methoxycarbonylmethyllchol-
5-en-24-oate (48) 
Methyl 3-(methoxycarbonylmethyD-6cx -tosyl-5B -cholan-24-oate 
(47) (5.941g, 9.65mmoI> was treated with potassium acetate (9.457, 
96.5mmoI> in dimethylformamide (50mD and water (4.5mD as described 
for 3.2.9 to afford on work up a colourless oil. Dry column 
chromatography eluting with dichloromethane gave a white crystalline 
compound. Recrystallisation from ethyl acetate gave pure methyl 3-
(methoxycarbonYlmethyllchol-5-en-24-oate (148) (3.728, 87%): mp 
120-121oC; [cx]o -53.4° (c1.0, CHCI3); ir (nujol mulD 1735 (C=O), 1600 
(C=O cm-I; lH nmr (90MHz, CDCI3) 6 0.66 OH, s, 18-CH3), 0.93 (3H, 
d, 21-CH3), 1.0 (3H, s, 19-CH3), 3.63 (6H, s, methyl ester protons), 5.21 
OH, s, alkene proton) ppm; Accurate Mass [Found m/z 444.322 CM+., 
100%), C2sH4404 requires M+' 444.323]; Elemental Analysis [Found: C, 
75.5; H, 9.9%; C2sH4404 requires C, 75.6; H, 9.9%1 
3.2.22 Preparation of 3-(2-hydroxyethyllchol-5-en-24-o1 (49) 
Methyl 3-<methoxycarbonylmethyI>chol-5-en-24-oate (148) (3.489, 
7.858mmoI> was treated with lithium aluminium hydride (0.1 49g, 
3.929mmoI> in dry tetrahydrofuran as described for 3.2.1 to afford on 
work up a white solid. Recrystallisation from ethyl acetate gave pure 
3-(2-hydroxyethyllchol-5-en-24-o1 (149) (2.805, 92%): mp 191-
192°C; [cx~ -27.7° (cO. 9, CHC13); ir (nujol mulD 3228 (O-H>, 1591 
(C=O cm-I; lH nmr (90MHz, CDCI3) 6 0.66 OH, s, 18-CH3), 0.90 OH, 
d, 21-CH3 ), 0.96 OH, s, 19-CH3), 3.41 (4H, m, side chain protons), 5.20 
OH, s, alkene proton) ppm; Accurate Mass [Found m/z 388.335 (M+., 
81.9%), C2sH4402 requires M+' 388.334]; Elemental Analysis [Found: C, 
80.4; H, 11.2%; C2sH4402 requires C, 80.4; H, 11.4%1 
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3.2.23 Preparation of succinyl chloride (61) 
A mixture of succinic anhydride (2.406g, 24.06mmoll and phosphoq)us 
pentachloride (5.0g, 24.04mmoD was maintained at a temperature of 
120-130oC for 20 hours.Phosphorl/lus oxychloride was removed by 
distillation and subsequent vacuum distillation of the resulting yellow 
solution gave pure succinyl chloride (61) as a colourless liquid 
(2.275g, 61%): bp 50oC/3mm Hg mt142 88°C/18mm Hg); ir (film) 1780 
(C=O) cm-1• 
3.2.24 Preparation of 1,9-nonanediacidchloride (62) 
A solution of 1,9-nonanedicarboxylic acid (0.50g, 2.32mmoll in thionyl 
chloride (25mll was refluxed under nitrogen for 48 hours. Evaporation 
of the excess thionyl chloride in vacuo (l8mm Hg) gave a yellow 
solution which upon vacuum distillation gave 1.9-nonanediacidchloride 
(162) as a colourless liquid (0.416g. 71%): bp 1600C/lmm Hg 0it143 bp 
132°C/0.2mm Hg); ir (film) 1810 (C=O) cm-1; 1H nmr (60MHz, CDCl3) 
cS 1.2-2.0 (l4H. m, CH2's), 2.92 [4H, t. CH2(COCl)] ppm. 
3.2.25 Preparation of 1.10-decanediacidchloride (63) 
1.IO-Decanedicarboxylic acid (0.50g, 2.174 mmoll was treated with 
thionyl chloride as for 3.2.24 to yield 1.10-decanediacidchloride 
(63) as a colourless liquid (0.395g, 68%): bp 1 I2°C/O.lmm Hg mt144 
bp 162°C/1.6mm Hg); ir (film) 1805 (C=O) cm -1; 1H nmr (60MHz, 
CDCl3) cS 1.2-2.0 (l6H, m, CH2's), 2.92 [4H. t. CH2(COCm ppm. 
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3.3 POLYMER SYNTHESIS 
3.3.1 Solution Polymerisation 
A series of copolymers were produced by solution polycondensation 116 
using the steroid diols with a range of diacid chlorides. 
Solution polycondensations were conducted in a IOOml round bottomed 
flask fitted with a magnetic stirrer, pressure equalising dropping funnel 
and nitrogen inlet. The diol (O.5315g, 1.527mmoD was dissolved in a 
mixture of dichloromethane (50mD and pyridine (lOmD. To this 
solution was added dropwise with stirring under nitrogen, an equimolar 
amount of the diacid chloride in dichloromethane (50mD. The reaction 
mixture was stirred at ambient temperature for 24 hours after which 
time it was diluted with dichloromethane (lOOmD, washed with 2M 
HCl, saturated NaHC03(aq) and water, dried (MgS04) and the solvent 
evaporated in vacuo to afford an oil. The experimental details for 
each reaction are presented in Tables 3.1 - 3.5. 
3.3.2 Thermal Polymerisation 
Thermal polycondensation was achieved by keeping the polymer 
samples at 230°C in an atmosphere of nitrogen for 48 hours. This 
resulted in oily polymers, which in some cases became hard glasses 
upon cooling. In all cases the resulting products were soluble in a 
number of solvents at ambient temperature enabling them to be fully 
characterised. 
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Table 3.1 - Solution Polymerisation of 3cx-hydroxy-5a-cholan-24-o1 
(95) 
Monomer (1) Monomer (2) Yield Copolymer % 
(95) n=2 92 (96) 
(95) n=4 94 (97) 
Table 3.2 - Solution polymerisation of 3-<2-hydroxyethyD-5a-
cholan-24-o1 (104) 
Monomer (1) Monomer (2) Yield Copolymer % 
(104) n=2 90 (105) 
(104) n=3 88 (106) 
(104) n=4 93 (107) 
(104) n=S 94 (108) 
(04) n=6 88 (109) 
(04) n=7 90 <110> 
(04) n=8 91 (111) 
(04) n=9 90 (I12) 
(04) n=IO 93 (I13) 
(04) n=ll 87 (14) 
(04) n=I2 90 (115) 
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Table 3.3 - Solution polymerisation of 3-<2-hydroxyethyD-5o; -cholan-
24-<l1 (31) 
Monomer (1) Monomer (2) Yield Copolymer 
% 
(31) n=2 87 (32) 
(31) n=3 95 (33) 
(31) n=4 91 (34) 
(31) n=5 88 (35) 
(31) n=6 91 (36) 
(31) n=7 90 (37) 
(31) n=8 90 (38) 
(31) n=9 94 (39) 
(31) n=lO 86 (140) 
(31) n=ll 91 (141) 
030 n=12 95 (42) 
Table 3.4 - Solution polymerisation of 3-(2-hydroxyethyDchol-
5-en-24-o1 (49) 
Monomer 0) Monomer (2) Yield Copolymer % 
(49) n=2 94 (50) 
(49) n=3 90 (51) 
(49) n=4 89 (152) 
(49) n=5 88 (153) 
(49) n=6 90 (154) 
(49) n=7 91 (155) 
(49) n=8 89 (156) 
(49) n=lO 90 (157) 
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Table 3.5 - Solution polymerisation with 4,4'-biphenyl-diacidchloride 
(58) 
Monomer (1) Monomer (2) Yield Copolymer % 
(104) 76 85 (159) 
(131) 76 89 (160) 
3.4 POLYMER CHARACTERISATION 
3.4.1 High Performance Gel Permeation Chromatography (HPGPC) 
HPGPC brings about separation of species on the basis of size. elution 
from the column occurring in order of decreasing size. This arises as 
smaller molecules diffuse into the highly cross-linked macro-porous 
gel packing thereby causing retention on the column whilst molecules 
which are larger than the gel pore size are excluded from the gel beads 
and pass rapidly through the column. 
All copolymers were characterised by this technique using initially a 
PLgel 60cm x 7.5mm ID 511m 50A column with toluene as solvent 
Subsequently PLgel 60cm x 7.5mm ID 511m 500A and PLgel 60cm x 
7.5mm ID 1000m mixed gel columns with eluting with tetrahydrofuran 
<stabilised with 1% quinol) were found to be more suitable using a flow 
rate typically of I ml min-I. 
Samples were prepared by dissolution in the appropriate solvent 
(tetrahydrofuran samples contained 0.25111/ml of toluene as an internal 
marker) to form 0.2% solutions. Prior to injection. all solutions were 
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filtered through glass microfibre filters (Whatman). An injection 
volume of about O.Sml was found to be sufficient 
The system was routinely calibrated with a range of polystyrene 
standards (molar mass 580 to 2.1 x 106) enabling an approximate 
molar mass to be assigned to oligomers present in each sample. 
3.4.2 Dynamic Mechanical Thermal Analysis llMT A) 
The Polymer Laboratories DMT A was used to make all mechanical 
measurements. The DMT A measuring head assembly and a block 
diagram of the microprocessor unit are shown in Figures 3.1 and 3.2 
respectively. 
The information provided by the DMTA is a plot of tan ~, the loss 
factor, which is an indication of the absorption of mechanical energy 
within the sample as the temperature is increased at constant frequency 
and fixed strain and also a plot of the logarithm of the Young's 
modulus (E') which is an indication of the stiffness of the sample. 
The instrument was ran in dual-cantilever mode which requires a 
rectangular sample clamped firmly at both ends. A third central 
clamp, linked via the drive shaft to a mechanical oscillator, also holds 
the sample and is responsible for the application of a small oscillating 
mechanical strain. 
Sample preparation involved casting thin films of material from 
solutions containing O.OSg mr1 (dichloromethane) onto rectangular strips 
of filter paper (ca. 4cm x 3cm)145. Solutions were added dropwise to 
one side of the filter paper length, in order that upon folding, the 
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Figure 3.1 - Polymer Laboratories Dynamic Mechanical Thermal 
Analyser 
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film would be sandwiched between two rectangular strips of filter 
paper (ca. 4cm x 1.5cm). The films were kept at ambient temperature 
overnight to allow slow solvent evaporation after casting and then kept 
at 40oC12mm Hg for 12 hours to ensure complete solvent removal 
before running. Using such samples. the recorded values provided by 
the DMT A are dominated by the paper and cannot be resolved. 
However. over the temperature range used, the paper yields a small 
constant value of tan 1\ which can easily be subtracted from the result 
to give a qualitative picture of the dynamic mechanical behaviour of 
the film. 
After samples were clamped securely as shown in Figure 3.1 and the 
outer cover housing the furnace and cooling coils was fixed in place. 
liquid nitrogen was used to cool to the starting temperature. The main 
criterion for the starting temperature was that the tan 1\ reading was 
as low as possible (ca. 0.025) and remaining constant. Typically 
samples were analysed between _60°C to 110°C at a heating rate of 
4°C min-\ at a strain setting of x4 (corresponding to a displacement 
amplitude of 40 microns) applied with a frequency of 1 Hz. 
3.4.3 Differential Scanning Calorimetry (DSC) 
DSC was used initially to measure the glass transition temperatures of 
the polymer samples and to scan above this temperature range for 
evidence of any first order thermodynamic transitions. 
The Perkin Elmer DSC-4. fitted with the liquid nitrogen subambient 
accessory. was used in conjunction with the Perkin Elmer System 4 
Microcomputer Controller. The subambient accessory gives the 
temperature range -170°C to 200°C and upon removal of this. the 
temperature range from 40°C to 400°C may be studied. 
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The DSC subjects both sample and reference heated separately to an 
identical heating programme. The power required to maintain this 
predetermined heating rate is monitored and this will be identical for 
both sample and reference except when the sample is undergoing a 
thermal transition. A signal, proportional to this difference in power, 
is plotted on the Y axis of the recorder. For a primary thermodynamic 
transition such as melting, an enthalpy peak such as that shown in 
Figure 3.3 results. For a sample which exhibits mesophasic behaviour, 
a typical thermogram scanning through the crystalline phase, up to the 
temperature at which mesophasic behaviour occurs (Tm) and then 
through to the temperature at which melting to the isotropic liquid 
occurs (TcD is shown in Figure 3.4. 
Figure 3.3 - DSC Thermogram of a Primary Thermodynamic 
Transition 
endo 
ilCp 
exo 
T 
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Samples, typically 0.015g, were contained within aluminium pans, with 
an empty aluminium pan of equal weight being used as a reference. 
These are placed in the two platinum alloy sample holders in the 
DSC-4, which are insulated from draughts, and any exhaust gases 
from the samples being analysed are removed by a helium purge gas. 
Figure 3.4 - DSC Thernogram of a Mesophasic Sample 
endo 
6Cp 
isotropic 
t 
crystalline 
t I 
exo 
mesophasic 
Tmt tTc1 
T 
In order to determine the Tg values of the polymer samples, the 
temperature range -20°C to IOOoC at a heating and cooling rate of 
20°C min-1 was found to be suitable. However, DMTA detects the Tg 
process with a sensitivity approximately 1000 greater than DSC and 
as such became the preferred method. Alternatively, the DMT A 
response to first order transitions is complex and non-specific; 
consequently DSC was used to scan the samples through the temperature 
range 40°C to 400°C at a heating rate of IOoC min-1• 
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